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CHAPTER  I 


INTRODUCTION 

Statement  of  the  Problem 

The  Aerospace  Guidance  and  Metrology  Center  (AGMC) 
at  Newark  AFS,  Ohio,  is  a  vital  link  in  the  Air  Force's 
logistics  support  network.  AGMC's  mission  is  to  serve  as 
the  single  depot  repair  agency  within  the  Air  Force  for 
both  missile  and  aircraft  inertial  equipment.  Although 
primarily  concerned  with  work  of  Air  Force  origin,  AGMC 
also  handles  work  from  the  other  Military  Services.  An 
important  portion  of  AGMC's  work  load  is  the  repair  of  the 
Minuteman  III  Missile  Guidance  Set  (MGS) . 

The  importance  of  maintaining  strategic  missile 
operational  capability  dictates  that  AGMC  be  able  to  cope 
with  current  MGS  work  loads  and  to  absorb  changing  work 
loads.  For  example,  the  present  average  input  rate  of 
repairable  MGSs  to  AGMC  is  fairly  constant  (9) .  If  the 
average  input  rate  were  to  increase  due  to  changing  mission 
requirements,  the  Air  Force  could  well  have  a  repair  capa¬ 
city  constraint  on  an  operational  requirement.  In  such  an 
event  AGMC  managers  would  have  to  estimate  what  extra 
resources  should  be  committed  to  MGS  repair.  Currently, 
there  is  no  reliable  method  to  render  such  estimates  (9) . 
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This  study  will  attempt  to  devexop  a  valid  method  for  esti¬ 
mating  what  additional  te=t/handling  equipment  and  repair 
technicians  would  be  needed  for  increased  input  rates  to 
the  Minuteman  III  MGS  repair  process. 

Terminology 

Because  of  the  complex  nature  of  the  MGS  repair 
process  and  the  many  technical  terms  associated  with  both 
the  MGS  and  the  repair  process,  the  authors  have  inserted 
definitions  throughout  the  thesis.  Through  definition  and 
repetition  of  terms  the  authors  hope  to  guide  the  reader 
through  the  complex  and  often  confusing  terminology  that 
is  an  inevitable  part  of  any  technical  discussion.  Termi¬ 
nology  given  will  be  for  the  purposes  of  this  thesis  and 
is  not  necessarily  applicable  to  other  studies. 

MGS.  The  abbreviation  MGS  for  purposes  of  this 
thesis  refers  to  the  Minuteman  III  Missile  Guidance  Set. 

Inertial  Guidance  System  Repair  Process.  Genet  has 
identified  the  depot  level  repair  of  inertial  guidance  sys¬ 
tems  as  one  of  the  most  complex  large-scale  repair  proces¬ 
ses  in  existence.  This  complexity  in  repair  is  caused  by 
the  multi-level  nature  of  the  MGS.  There  are  usually  at 
least  three  distinct  levels:  the  system  level  (MGS) ,  the 
major  subsystem  level  (computer,  gyro  stabilized  platform, 
etc.),  and  the  component  level  (module  boards,  accelerome¬ 
ters,  etc.)  (8:1).  See  Figure  1  on  page  11.  As  a  result, 
the  MGS  depot  level  repair  process  includes  different 
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subprocesses  at  different  levels  of  repair.  For  example, 
a  faulty  Gyro  Stabilized  Platform  (GSP)  is  removed  from  the 
MGS  at  the  first  level  of  repair.  The  GSP  then  enters  its 
own  repair  process  at  the  second  level  of  repair.  If,  to 
continue  the  excimple,  an  accelerometer  in  the  GSP  is  found 
to  have  malfunctioned,  the  accelerometer  is  removed  from 
the  GSP  and  is  then  entered  into  its  own  repair  process  at 
the  component  (third)  level  of  repair.  A  degree  of  depen¬ 
dency  between  the  levels  of  repair  does  exist  because  the 
higher  levels  of  repair  are  dependant  on  the  lower  levels 
for  serviceable  subsystems  and  components  (8:1-3).  A 
detailed  discussion  of  the  MGS  repair  process  is  available 
in  Chapter  II. 

Repair  Line.  The  repair  line  is  the  sequence  of 
events  undergone  by  the  MGS,  or  one  of  its  subassemblies 
or  components,  as  it  flows  through  its  repair  process. 

Repair  Operation.  Repair  operation  refers  to  the 
technical  operation  that  takes  place  at  the  repair  station 
on  the  repair  line. 

Repair  Station.  The  repair  station  is  the  point 
on  the  repair  line  where  the  repair  resources  of  MGS  test/ 
handling  equipment  and  repair  technicians  come  together  to 
perform  a  repair  operation.  For  example,  MGS  test/handling 
equipment  is  used  by  the  repair  technicians  at  the  diagnos¬ 
tic  test  station  to  accomplish  the  repair  operation  of 
diagnostic  testing. 
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Repair  Capacity.  Repair  capacity  is  the  maximum 
work  load  that  a  repair  resource  can  process. 

Repair  Resources.  Repair  resources  are  the  test/ 
handling  equipment  and  repair  technicians  that  perform  the 
MGS  repair  operations. 

Queue .  Queue  refers  to  a  waiting  line  that  develops 
when  the  work  load  at  a  repair  station  exceeds  the  repair 
station's  capacity. 

Decoupling  Inventories.  Decoupling  inventories 
are  stocks  at  major  points  in  a  production  (or  repair)  line 
that  make  it  possible  to  carry  on  each  of  the  major  activi¬ 
ties  relatively  independently  of  each  other  (3:17-21). 

These  inventories  tend  to  reduce  the  dependence  of  one 
activity  on  the  other.  For  example,  if,  as  in  the  case  of 
a  MGS,  Instrument  X  were  removed  from  a  higher-level 
assembly  and  sent  to  another  shop  for  repair,  the  higher- 
level  assembly  could  not  be  repaired  until  a  serviceable 
instrument  X  became  available.  However,  by  having  spare 
serviceable  items  available — by  means  of  a  "decoupling" 
inventory — the  repair  of  the  higher- level  assembly  could  be 
accomplished  without  delay. 

Service  Level.  A  service  level  specifies  that 
average  inventory  stockouts  not  exceed  a  certain  percentage 
of  demands  (orders)  received  (3:24).  For  example,  if 
management  were  to  specify  a  ninety- seven  percent  service 
level,  they  would  expect  that,  on  the  average,  demands  on 
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inventory  would  be  filled  immediately  ninety-seven  percent 
of  the  time.  Conversely,  an  inventory  stockout  condition 
with  no  assets  available  for  issue  should  occur  less  than 
three  percent  of  the  time  on  the  average. 

Recycles.  The  term  "recycle"  as  it  applies  to  a 
complex  repair  process  is  the  return  of  the  repaired  item 
from  some  stage  in  the  repair  process  to  some  earlier  stage 
because  of  an  unsatisfactory  condition  found  at  the  later 
stage  (6:2). 

Activity.  For  purposes  of  the  simulation  model,  an 
activity  consists  of  either  a  repair  operation  or  a  trans¬ 
fer. 

Transfer.  Transfer  refers  to  the  movement  of  the 
item  of  interest  between  repair  operations. 

Transfer  Fraction.  Transfer  fraction  refers  to  the 
fraction  of  time  that  items  subject  to  the  transfer  are  to 
randomly  move  to  a  specified  repair  operation.  For  example. 
Activity  6  which  is  a  transfer  occurs  with  a  mean  rate  of 
.5,  therefore,  fifty  percent  of  all  output  from  Activity  5 
will  on  the  average  be  transferred  by  Activity  6  to  Activity 
8.  The  remaining  output  of  Activity  5  "falls  through" 
Activity  6  to  7. 

Repair  Resource  Utility.  For  purposes  of  the 
research  effort,  utility  refers  to  the  utilization  of  the 
repair  resource  as  a  percentage  of  its  repair  capacity. 

For  example,  a  utility  of  fifty  percent  would  indicate  that 
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a  repair  resource  was  operating  at  one-half  capacity, 
whereas  a  utility  of  100  percent  would  indicate  the  repair 
resource  was  working  at  full  capacity. 

Justification  for  the  Research 

With  the  ever-increasing  attention  being  placed  on 
Department  of  Defense  expenditures  by  Congress  and  the 
American  public,  it  is  important  to  find  methods  of  reducing 
costs  in  all  areas  and  at  all  levels  of  operations.  Justi¬ 
fication  for  the  planned  research  rests  upon  the  need  for  a 
method  to  accurately  estimate  additional  resource  require¬ 
ments  for  an  increasing  work  load.  For  it  is  only  through 
the  effective  and  efficient  allocation  of  repair  resources 
that  the  MGS  depot  level  repair  expenditures  can  be  mini¬ 
mized. 

Further  justification  rests  with  management's 
general  need  for  information  pertaining  to  repair  resource 
requirements  generated  by  an  increased  work  load.  The 
increase  in  work  load  could  be  the  result  of  wartime  surga 
conditions,  such  as  occurred  during  the  Vietnam  Conflict, 
an  increase  in  weapon  system  deployment  rate  or  a  decrease 
in  the  system's  mean-time-between-failures  (9).  In  any 
event,  the  maintenance  of  a  strong  defense  posture  by  the 
United  States  requires  that  the  depot  repair  facilities  be 
capable  of  meeting  programmed  and  unprogrammed  increases  in 
work  load.  Management  support  for  the  research  topic  has 
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been  obtained  from  Mr.  Russel  Genet,  Mr.  Robert  Hurst  and 
Captain  Paul  G.  Hansen  (9;  10;  11). 

Scope  of  the  Research 

The  research  involves  the  building,  validating 
and  exercising  of  a  simulation  model  of  the  Minuteman  III 
MGS  repair  process.  The  model  simulates  the  system  level 
repair  process  for  the  MGS  and  the  svibsystem  level  repair 
process  for  the  gyro  stabilized  platform.  Because  of  the 
model's  complexity  and  the  limitations  of  time,  simulation 
of  other  subsystem  or  component  repair  processes  were  not 
attempted.  The  model  is  only  concerned  with  the  repair 
resources  of  tfest/handling  equipment  and  repair  technicians. 
No  attempt  was  made  to  determine  adequacy  of  floor  space 
and  utilities. 


Objectives  of  the  Research 

I  The  research  objectives  were,  first,  to  build  a 

simulation  of  the  MGS  repair  process  that  very  closely 
approximated  the  "real  world"  situation  in  existence  at 
AGMC.  Once  the  simulation  model  had  been  validated  (tested 
to  ensure  it  reflected  the  actual  MGS  repair  process),  the 
simulation  model  was  used  to  investigate  the  following 

(  specific  research  objectives. 

1.  Determine  what  additional  repair  resources 

*  were  required  at  various  increased  MGS  input  rates. 

V 
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2.  Determine  which  Depot  Replacement  Unit  (DRU)^ 
decoupling  inventories  were  adequate  at  various  increased 
MGS  input  rates.  The  adequacy  of  present  decoupling  inven¬ 
tory  stocks  in  terms  of  "days  of  supply"  was  determined  by 
comparing  inventory  requirements  at  the  increased  work  load 
with  present  AGMC  stocks. 

3.  Determine  the  effect  of  a  reduced  recycle  rate 
on  repair  resource  requirements  at  the  normal  average  MGS 
input  rate.  The  possibility  presently  exists  that  an 
alternative  approach  to  increasing  the  repair  capacity  of 
the  MGS  repair  process  would  be  through  the  reduction  of 
repair  recycling,  rather  than  the  addition  of  more  repair 
resources.  If  it  were  possible  to  show  through  simulation 
that  a  twenty- five  percent  reduction  in  recycling  were 
equivalent  to  a  specified  amount  of  addition  repair 
resources,  AGMC  would  have  a  basis  for  determining  whether 
it  would  be  more  cost  effective  to  reduce  the  recycle  rate 
or  to  add  repair  resources. 

Research  Hypothesis 

A  simulation  model  of  the  MGS  repair  process  can 
be  developed  that  reflects  the  actual  MGS  repair  process 
at  AGMC. 

_  I 

^A  Depot  Replaceable  Unit  (DRU)  is  a  component  or  , 

subassembly  which  can  only  be  removed  from  a  higher  j 

assembly  at  the  depot. 
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Research  Questions 

After  the  MGS  repair  process  model  has  been  vali¬ 
dated  to  ensure  it  reflects  the  actual  MGS  repair  process 
it  will  be  used  to  answer  the  following  research  questions: 

1.  For  increased  average  MGS  input  rates,  what 
additional  repair  resources  are  required? 

2.  For  increased  average  MGS  input  rates,  which 

Depot  Replaceable  Unit  (DRU)  decoupling  inventories  have 

2 

adequate  assets? 

3.  For  the  normal  average  MGS  input  rate,  what 
effect  does  a  twenty-five  percent  reduction  in  the  repair 
recycling  rate  have  on  repair  capacity  requirements? 


2 

For  purposes  of  this  thesis,  DRU  decoupling  inven¬ 
tory  assets  were  considered  to  be  adequate  if  there  was 
sufficient  stock-on-hand  to  support  the  MGS  repair  process 
for  a  minimum  of  five  days.  The  selection  of  five  day 
minimum  for  stock-on- hand  agrees  closely  with  what  Mr.  Hurst 
of  AGMC  deems  adequate  (11) . 
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CHAPTER  II 


THE  MISSILE  GUIDANCE  SET  REPAIR 
PROCESS  AND  RELATED  CONCEPTS 

The  purpose  of  this  chapter  is  to  provide  an  over¬ 
view  of  the  MGS  repair  process  and  a  brief  discussion  of 
subjects  relevant  to  a  complex  repair  process. 

Missile  Guidance  Set  Description 

The  Missile  Guidance  Set  (MGS),  when  installed,  is 
located  above  the  third  stage  of  the  missile  and  contains 
the  airborne  equipment  used  for  flight.  The  purpose  of 
the  MGS  is  to  place  the  missile  on  a  ballistic  trajectory 
that  would  impact  a  designated  target.  To  perform  its 
function,  the  MGS  evaluates  flight  information  and  corre¬ 
lates  it  to  target  data,  determines  deviations  from  desired 
flight  path,  and  sends  flight  correctional  information  to 
the  flight  control  system  {18:iii-v). 

As  an  assembly,  the  MGS  is  very  complicated  and 
employs  some  of  the  most  advanced  technological  concepts 
which  in  turn  demand  exacting  repair  skills  and  standards 
(.8:1-4).  The  MGS  has  several  levels  of  assembly.  At  the 
highest  level,  the  system  level,  the  MGS  is  comprised  of 
the  body,  cabling  and  five  major  subsystems,  as  illustrated 
in  Figure  1.  The  five  major  subsystems  make  up  the 
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subsystem  level  and  the  components  within  the  subassem¬ 
blies,  such  as  the  PIGA,  make  up  the  component  level. 

Overview  of  the  Missile  Guidance  Set 
Repair  Proces^ 

When  the  MGS  malfunctions  it:  is  removed  from  the 
missile,  packed  into  a  specially  designed  container  and 
shipped  to  AGMC,  Newark  AFS,  for  repair.  AGMC  is  responsi¬ 
ble  for  all  levels  of  repair  on  the  MGS.  This  means  that 
AGMC  is  not  only  responsible  for  returning  serviceable 
MGSs  to  the  field  but  also  for  the  repair  of  all  lower  level 
assemblies  and  components  within  the  MGS  (9;  11)  . 

The  repair  of  a  MGS  primarily  involves  the  use  of 
men,  equipment,  materials  and  information,  organized  into 
repair  lines.  Within  each  level  of  assembly,  from  the  MGS 
down,  there  are  repairable  subsystems  and  components  each 
of  which  is  processed  through  its  respective  repair  line. 

In  essence,  a  repair  line  is  comprised  of  repair 
stations  which  perform  repair  operations  on  MGS  systems, 
subsystems,  and  components.  Repair  lines  are  also  given 
some  semblance  of  independence  from  each  other  by  the  pro¬ 
vision  of  decoupling  inventories,  even  though  they  are 
always  interdependent  in  the  long  run  (8:1-4). 

Repair  operations  are  tasks  that  may  be  performed 
on  a  repairable  item  from  the  time  it  first  enters  the 
repair  process  to  the  completion  of  final  testing  for 
serviceability.  Although  all  components,  e.g.,  GSP,  would 
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undergo  some  repair  operations,  not  all  operations  are  per¬ 
formed  for  every  component  repaired.  On  the  other  hand, 
some  operations  are  repeated  several  times,  often  unneces¬ 
sarily.  Such  repetitions  are  known  as  recycling  which  will 
be  discussed  later  on  in  this  chapter.  Typical  operations 
are:  malfunction  verification,  removal  of  failed  part, 
selection  of  a  serviceable  part  from  the  decoupling  inven¬ 
tory,  installation  of  the  serviceable  part  and  functional 
test. 

As  illustrated  in  Figure  1,  the  MGS  contains  five 
major  subsystems  each  of  which  is  repaired  (when  needed) 
independently  of  the  MGS.  During  repair  of  these  sub¬ 
systems  other  components  are  removed  and  replaced,  which  in 
turn  are  repaired  independently  of  their  higher  level 
assembly.  As  an  example,  at  the  first  level  of  assembly 
(and  repair) ,  the  GSP  may  be  found  faulty  and  removed  from 
the  MGS.  During  repair  of  the  GSP  (second  level)  the 
Pendulous  Integrating  Gyroscopic  Accelerometer  (PIGA)  may 
be  replaced.  The  PIGA  would  then  be  repaired  at  the  third 
level  during  which  other  components  might  be  replaced  and 
sent  to  yet  a  fourth  level  of  repair.  Similar  levels  of 
assembly  and  repair  exist  for  the  other  subsystems  of  the 
MGS.  Brief  descriptions  of  the  MGS  and  GSP  repair  lines 
follow. 


ik-m  ^  ' 
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MGS  Repair  Line 

In  the  repair  of  a  MGS  some  twenty  basic  repair 
operations  may  be  performed.  The  process  starts  with 
receipt  of  the  unserviceable  MGS  and  ends  with  stage-out 
and  shipment  of  a  serviceable  MGS.  After  receipt  and  before 
actual  repair  work  can  begin,  specific  documents  have  to  be 
initiated  to  accompany  the  MGS  throughout  repair.  This 
operation  is  referred  to  as  data  acquisition,  and  one 
important  part  is  to  obtain  details  of  past  repairs  on  the 
MGS  from  a  computer  record.  Subsequent  repair  operations 
can  be  broadly  categorized  as  diagnostic  checks,  repair, 
remove  and  replace,  or  performance  tests.  Table  1  lists 
all  MGS  repair  operations.  Each  is  numbered  so  that  it 
can  be  related  to  the  associated  flow  diagram  of  the  process 
given  in  Figure  2. 

As  may  be  seen  in  Table  1,  several  remove  and 
replace  operations  exist.  The  one  of  importance  here  is 
Number  21,  Remove  and  Replace  the  GSP.  The  mechanics  of 
a  remove  and  replace  operation  are  not  so  simple  as  might 
be  implied  by  Table  1.  By  referring  to  Figure  3  it  may  be 
seen  that  the  removed  GSP  is  sent  to  its  repair  line  (second 
level)  and  that  a  serviceable  GSP,  if  there  is  one,  is  taken 
from  the  decoupling  inventory  and  installed  in  the  MGS. 

If  the  decoupling  inventory  is  empty,  i.e.,  there  is  no 
serviceable  GSP  to  install,  the  MGS  is  removed  from  the 
repair  line  and  put  into  an  awaiting-parts  holding  area. 
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TABLE  1 

MGS  REPAIR  LINE  OPERATIONS 


REPAIR  OPERATIONS 

Activity 

Number* 

Description 

1 

Preparation 

2 

Stage-in,  Data  Acquisition 

3 

Malfunction  Verification/Diagnostics 

5 

Repair  DC- 2 

7 

DITMCO — Wire  Harness  Check 

9 

Inspect  and  Repair  Shields 

11 

Overstress  Check 

13 

Refurbish  Parts 

15 

Remove  and  Replace  B.W.  Harness 

17 

Remove  and  Replace  Trans.  Detector 

19 

Remove  and  Replace  P-92  Control  Box 

21 

Remove  and  Replace  GSP 

23 

Remove  and  Replace  D-37D 

25 

Remove  and  Replace  MGS  Computer 

27 

Repair  B.W.  Harness 

28 

Functional  Test 

31 

Performance  Test 

34 

Wing  V  Bias 

35 

Stage-out  and  Minor  Repair 

36 

Ship 

♦Numbers  are  Activity  Numbers  of  repair  operations. 
Intermediate  numbers  are  other  activities  comprised  of 
transfers.  Therefore,  activities  are  comprised  of  repair 
operations  and  transfers. 


Figure  3 .  Remove  and  Replace  GSP 
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Once  the  GSP  repair  line  produces  a  serviceable  GSP,  it  is 
installed  in  the  waiting  MGS.  The  MGS  can  then  be  put  back 
into  the  repair  line,  normally  at  the  point  from  which  it 
was  withdrawn. 

The  purpose  of  Figure  2  is  to  show  the  flow  of  work 
and  the  interdependence  of  operations.  The  following 
features  of  a  typical  repair  line  can  be  seen  on  the  dia¬ 
gram;  (1)  serial  flow,  e.g.,  operations  1  through  3  are 
performed  sequentially;  (2)  parallel  flow,  e.g.,  operations 
14  through  23  which  can  be  performed  independently; 

(3)  bypassing  certain  operations,  e.g.,  operations  5  and  13 
are  not  always  performed  on  every  MGS;  and  (41  feedback 
(recycling),  e.g.,  MGS  failing  tests  of  operations  28  and 
31  and  being  returned  to  the  repair  line  at  operation  3. 

GSP  Repair  Line 

A  description  of  the  GSP  repair  line  would  be  almost 
identical  to  that  just  given  for  the  MGS  and  therefore  will 
not  be  repeated  here.  However,  the  appropriate  table  and 
operations  and  flow  diagram  are  given  in  Table  2  and  Figure 
4  on  the  following  pages.  Also  as  was  done  for  the  MGS, 
Figure  5  shows  in  more  detail  what  is  happening  at  GSP 
repair  operation  number  70,  Remove  and  Replace  the  PIGA. 

Related  Concepts 

To  illustrate  the  scope  of  the  problem,  several 
maintenance  concepts  need  to  be  briefly  reviewed.  These 
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TABLE  2 

GSP  REPAIR  LINE  OPERATIONS 


REPAIR  OPERATIONS 

Activity 

Number 

Description 

51 

Stage-in 

52 

Data  Acquisition 

54 

Malfunction  Verification/Diagnostics 

55 

Remove  Housing 

56 

Remove  Shrouds 

58 

Minor  Repairs 

60 

Modify  B.W.  Harness  (TCTO-607) 

61 

Open  Functional  Test 

62 

R  and  R*  Electronic  Modules 

64 

Change  I.D.  Plate 

66 

R  and  R  Torque  Motor 

68 

R  and  R  Gyro 

70 

R  and  R  PIGA 

72 

R  and  R  GCA 

74 

R  and  R  Normal  Resolver 

76 

R  and  R  Thermistor 

78 

R  and  R  Cable  Plug 

80 

Screen  Modules  (TCTO-668) 

82 

Repair  Housings  and  Access  Covers 

84 

Refurbish  Parts 

86 

Repair  Axis  and  Wire  Harness 

88 

R  and  R  Alignment  Block 

90 

Relieve  Cable  Tension 

92 

DITMCO  Wire  Harness 

94 

Open  Function  of  Repair  Verification 

96 

Fine  Balance 

*R  and 

R  is  Remove  and  Replace . 

r  2 
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TABLE  2 — Continued 


REPAIR  OPERATIONS 


Activity 

Number 


Description 


Clean,  Inspect,  Replace  Housings 

Fine  Balance 

Install  Housings 

Pre-Vibration  Test 

Vibration  Test 

Post-Vibration  Test 

Performance  Test 

Wing  V  Bias 

Purge,  Full  and  Leak  Test 

Repair  Leaks 

Stage-out 


Figure  5.  Remove  and  Replace  PIGA 


are:  (1)  reliability,  of  which  MGS  input  rate  is  a  func¬ 

tion;  (2)  repair  resources  such  as  shift-work,  overtime 
and  decoupling  inventories;  and  (3)  repair  recycling. 

Reliability 

For  purposes  of  this  thesis  the  examination  of 
reliability  theory  was  limited  to  its  application  to  mature 
weapon  system  maintenance  and  complex  depot  level  repair 
processes.  Hansen  has  described  a  mature  weapon  system  as 
one  for  which  major  a  quisition  is  complete  and  for  which 
extensive  data  on  reliability  is  available  (10)  . 

The  objective  of  a  weapon  system  reliability  pro¬ 
gram  is  to  extend  the  life  of  the  equipment  to  the  maximum 
extent  possible  with  due  consj-deration  to  cost  and  other 
pertinent  factors.  The  measurement  of  individual  items 
of  equipment  reliability  is  expressed  as  mean-time-between 
failures  (MTBF)  (1:22). 

« 

Recent  research  has  shown  that  in  a  complex  depot 
level  repair  process  the  reliability  of  the  system  being 
repaired  is  dependent  on  the  reliability  of  the  repair 
parts  used  (4:28-30).  In  essence,  the  total  reliability 
of  a  system  may  be  assumed  to  be  dependent  upon  the  reli¬ 
ability  of  each  and  every  part  (8:25). 

The  human  influence  on  reliability  also  needs  to 
be  considered  when  examining  any  maintenance  activity. 
Pieruschka  sees  the  avoidance  of  human  errors  during 
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maintenance  as  the  most  difficult  problem  in  the  attainment 

I 

of  highly  reliable  complex  equipment  (15:344). 

A  third  influence  on  reliability  that  requires 
consideration  is  that  of  test  validity.  Genet  has  identi¬ 
fied  the  return  to  service  of  an  item  that  is  in  fact 
unserviceable  as  the  end  result  of  invalid  testing  (6:1-8). 

The  mean-time-between  failures  is  important  to  the 
problem  because  it  is  a  direct  measure  of  the  system  reli¬ 
ability  which,  when  applied  to  the  MGS,  influences  the 
input  rate  to  AGMC.  A  decrease  in  reliability  means  an 
increase  in  repair  input.  For  a  mature  subsy&Lem  such  as 
a  MGS,  the  reliability  is  a  function  of  repair  skill, 
component  reliability  and  test  validity  (10) .  A  decrease 
in  any  of  the  three  would  increase  AGMC's  work,  thereby 
capturing  resources  that  would  otherwise  be  used  to  cope 
with  programmed  increases  in  MGS  input. 

Shift-work  and  Overtime 

With  respect  to  the  stated  problem,  overtime  and 
then  shift-work  are  the  first  "lines  of  defense"  when  work 
load  (input)  exceeds  the  normal  workday  capacity  of  equip¬ 
ment  (13:5-8).  Increased  capacity  would  be  gainea  by 
operating  equipment  twenty-four  hours  a  day  and  either 
adding  another  shift  of  workers  or  splitting  the  third 
shift  as  overtime  for  the  existing  shifts  of  workers. 
Alternatively,  weekend  operation  with  overtime  is  available. 
However,  work-force  overtime  limitations  and  repair 
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equipment  maintenance  may  limit  the  excess  capacity  to  less 
than  what  is  potentially  available. 

The  ultimate  importance  of  shift-work  and  overtime 
to  the  problem  of  increased  work  loads  is  that  both  are  a 
means  of  buying  time  while  more  permanent  arrangements  are 
made  to  handle  the  increased  work  load  (11) . 

Decoupling  Inventories 

Of  the  differing  functions  performed  by  inventories 
that  of  decoupling  inventories  is  of  the  greatest  interest 
in  a  complex  repair  process  (11) .  Decoupling  inventories 
are  stocks  at  major  points  in  a  production  (or  repair)  line 
that  make  it  possible  to  carry  on  each  of  the  major  activi¬ 
ties  relatively  independently  of  each  other  (3:17-21). 

Buffa  and  Taubert  found  these  stocks  are  necessary  because 
of  the  uncertainties  of  demand  at  that  point.  The  vari¬ 
ability  of  demand  means  in  effect  that  larger  inventories 
must  be  carried  to  provide  for  the  possibility  of  larger 
than  average  demand.  Another  uncertainty  affecting  decou¬ 
pling  inventory  size  determination  is  that  of  supply  lead 
time  (3:17,95). 

Within  a  complex  repair  process  decoupling  inven¬ 
tories  tend  to  reduce  the  dependence  of  one  activity  on 
the  other  (3:17-21).  To  repeat  a  previous  example,  if,  as 
in  the  case  of  a  MGS,  instrument  X  were  removed  from  a 
higher-level  assembly  and  sent  to  another  shop  for  repair, 
the  higher-level  assembly  could  not  be  repaired  until  a 
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serviceable  instrument  X  became  available.  However,  by 
having  spare  serviceable  items  available — by  means  of  a 
"decoupling"  inventory — the  repair  of  the  higher-level 
assembly  could  be  accomplished  without  delay.  Nonethe¬ 
less,  the  degree  of  independence  achieved  is  limited  in 
that  the  entire  production  process  may  be  shut  down,  in 
time,  because  of  a  stock-out  condition  at  one  of  the 
decoupling  inventory  stock  points  (3:20). 

When  establishing  inventories  there  are  certain 
tradeoffs  the  manager  must  take.  England  and  Leenders 
have  stated  that  in  the  case  of  decoupling  inventories  the 
amounts  and  locations  of  the  inventories  are  dependent  on 
the  relative  advantages  of  increased  flexibility  in  opera¬ 
tions  over  the  costs  of  maintaining  the  inventories. 
Inventory  carrying  cost  comprises  those  costs  associated 
with  handling,  storage,  etc. ,  and  stock-out  costs  are  the 
costs  to  the  organization  of  not  having  the  required 
inventory  items  on  hand  when  needed  (5:359-371).  Therefore, 
for  decoupling  inventories  the  tradeoffs  center  around  con¬ 
sideration  of  inventory  carrying  cost  versus  stock-out  cost. 

Because  of  the  difficulty  in  isolating  realistic 
stock-out  costs,  management  developed  the  service  level 
concept  which  specifies  that  average  stock-outs  not  exceed 
a  certain  percentage  of  the  demands  received  (5:379). 

Mr.  Robert  Hurst  of  AGMC  suggests  a  service  level  of 
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ninety- seven  percent  be  used  to  establish  decoupling  inven¬ 
tory  levels  in  the  MGS  repair  process  (11). 

Correct  decoupling  inventory  stock  size  is  of 
critical  importance  in  a  complex  repair  process  such  as 
the  MGS  (11) .  A  stock-out  condition  at  one  of  the  decou¬ 
pling  inventories  may  cause,  in  time,  a  shutdown  of  the 
entire  process  (3:20) .  Buffa  and  Taubert  identify  two 
methods  of  determining  inventory  size  in  conjunction  with 
a  predetermined  service  level.  In  the  first  case,  supply 
lead  time  is  held  constant  while  demand  is  allowed  to  fluc¬ 
tuate,  while  in  the  second  case,  both  demand  and  supply 
lead  time  are  treated  as  variables  (3; 96-98).  In  the 
second  case,  an  analysis  of  both  demand  and  supply  lead 
time  distributions  is  necessary  in  order  to  construct  a 
joint  probability  distribution  of  demand  during  lead  time. 
To  reduce  the  computational  work  load  the  distribution  can 
be  developed  by  sampling  and  the  stock  levels  can  be  deter¬ 
mined  by  simulation  (3:106-110). 

Recycles 

The  term  "recycle"  as  it  applies  to  a  complex 
repair  process  is  the  return  of  the  repaired  item  from  some 
stage  in  the  repair  process  to  some  earlier  stage  because 
of  an  unsatisfactory  condition  found  at  the  later  stage. 
Recycles  can  be  very  expensive  and  wasteful  in  terms  of 
materials  and  manpower.  For  example,  when  an  error  occurs 
early  in  the  repair  process,  but  is  not  detected  until  near 


the  end  of  the  process,  the  item  must  repeat  not  only  the 
stages  of  error  and  detection,  but  all  intervening  stages 
in  the  process  as  well  (6:2;  12:19). 

Genet  was  able  to  determine  the  types  of  errors 
that  are  most  costly  in  terms  of  recycles  through  the 
development  of  a  complex  computer  model  of  a  single  repair 
process.  He  found  that  about  fifty  percent  of  the  cost 
of  the  repair  process  was  due  to  either  build  errors  or 
test  errors.  When  broken  down  his  findings  showed  that 
approximately  thirty  percent  of  the  cost  of  repair  was  due 
to  recycles  that  resulted  from  decision  errors  related  to 
diagnostic  or  functional  tests.  The  decision  errors  were 
a  result  of  either  human  error  or  invalid  test  results 
(6:3).  Similar  tests  using  a  different  computer  program 
and  different  techniques  on  the  KT-73  Inertial  Measurement 
Unit  repair  process  determined  that  total  repeated  or 
"recycled"  work  may  constitute  as  much  as  39.9  percent  of 
the  average  variable  cost  of  repair  (12:97). 

The  concept  of  criticality  applies  to  the  identi¬ 
fication  of  those  few  areas  of  a  complex  system  that  cause 
the  majority  of  the  problems  (7:4).  These  are  the  critical 
points  where  a  slight  improvement  in  the  problem  situation 
would  result  in  a  major  improvement  in  the  system  process 
(7:4).  Using  a  computer  model  of  the  KT-73  Inertial 
Measurement  Unit  repair  process,  Iwerson,  et  al . ,  were 
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able  to  identify  those  critical  paths,  which,  if  LTiproved, 
could  result  in  substantial  cost  reductions  (12:100,101). 

Assuming  that  the  same  effect  exists  in  the  MGSs, 
recycling  would  absorb  time  and  funds  that  could  otherwise 
be  used  to  handle  a  larger  throughput . 


CHAPTER  III 


SIMULATION  MODEL  DEVELOPMENT 

The  vehicle  for  the  proposed  research  was  a 
computer  simulation  model  of  the  MGS  repair  process.  The 
chapter  begins  with  a  theoretical  discussion  of  modeling 
and  simulation,  and  is  followed  by  a  brief  overview  of  the 
available  types  of  computer  simulation  languages.  The 
chapter  ends  with  a  discussion  of  the  MGS  repair  process 
simulation  design. 


Modeling  and  Simulation 

"A  model  is  a  representation  of  an  object,  system, 
or  idea  in  some  form  other  than  that  of  the  entity  itself 
[17:4]."  Models  have  always  played  an  important  role  in 
man's  development.  They  help  to  conceptualize  and  communi¬ 
cate;  they  have  proved  of  great  value  to  training  and 
instruction;  and  in  the  field  of  research,  they  aid  in 
experimentation  and  act  as  tools  of  prediction  (17:5). 
Models  often  find  ready  application  in  research  and  experi¬ 
mentation  due  to  either  practical  or  economic  feasibility 
(17:6) . 

Many  different  types  of  models  exist.  One  classi¬ 
fication  used  by  Shannon  is  over  a  spectrum  from  exactness 


to  abstraction.  Classifications  are  physical  models  at 
the  exactness  end  of  the  spectrum,  through  scaled  models, 
analog  models,  management  games,  computer  simulation,  to 
mathematical  models  at  the  abstract  end  (17:8).  Shannon 
has  found  that  for  some  classes  of  problems,  such  as  the 
representation  of  a  complex  repair  process,  computer  simu¬ 
lation  is  a  more  viable  proposition.  For  example,  for  the 
so-called  input/output  models  that  have  to  be  "run”  rather 
than  "solved"  simulation  is  better  (17:10).  Where  the 
dynamic  changes  over  time  are  important,  simulation  has  a 
place.  "...  a  model  is  just  a  model  until  we  advance  it 
through  time;  then  it  is  simulation  [2:74]." 

Although  computer  simulation  is  often  the  most 
appropriate  approach,  often  the  only  method,  and  often  the 
"intuitively  appealing"  approach  to  a  problem,  it  is  not 
without  its  disadvantages.  For  example,  good  simulation 
can  be  expensive;  a  simulation  can  appear  to  be  valid  and 
yet  not  be;  and  simulation  suffers  from  imprecision,  the 
extent  of  which  cannot  be  measured  (17:13). 

According  to  Shannon,  the  art  of  modeling  is  the 
process  of  analysis,  abstraction,  and  assumption  to  charac¬ 
terize  the  system  being  modeled,  followed  by  enrichment 
and  elaboration  of  the  model  until  a  useful  approximation 
is  obtained.  A  good  simulation  model  also  has  desirable 
properties  such  as  being  simple  to  understand,  goal 
directed  and  adaptive  (17:20,22). 
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The  simulation  process  generally  follows  the  sys¬ 
tems  approach  to  problem  solving,  from  systems  definition 
through  to  implementation  and  documentation  (17:23).  How¬ 
ever,  unlike  approaches  to  some  other  problems,  simulators 
have  to  be  evaluated  before  they  are  of  any  use.  Evalua¬ 
tion  is  the  process  of:  (1)  verification,  seeing  that  the 
model  behaves  as  intended;  (2)  validation,  seeing  that  the 
model  behaves  like  the  real  world  it  is  simulating;  and 
(3)  problem  analysis,  which  is  the  interpretation  of  results 
of  the  model  (17:210). 

Simulation  Languages 

Simply  deciding  that  computer  simulation  is  appro¬ 
priate  to  the  proposed  research  is  not  enough.  Selection 
of  the  computer  language  to  be  used  can  have  important 
ramifications.  Theoretically,  a  simulation  model  could  be 
programmed  in  any  language  but,  just  as  there  were  major 
classes  of  problems  that  led  to  problem-oriented  languages 
(COBOL,  FORTRAN  and  others),  so  are  there  different  kinds 
of  modeling  problems  for  which  appropriate  simulation 
languages  have  been  developed.  Some  of  the  most  common 
simulation  languages  are  SIMSCRIPT,  GASP,  DYNAMO  and  GPSS 
(17:12-140) . 

SIMSCRIPT  is  one  of  the  special  purpose,  discrete 
change  simulation,  event  oriented  languages.  It  is  widely 
used  and,  according  to  the  results  of  a  user  survey  reported 


by  Shannon,  is  rated  first  as  a  preferred  language,  and 
rated  very  well  for  capability  and  ease  of  use  (17:140). 
SIMSCRIPT  is  usable  on  a  wide  range  of  computers  and  is  the 
subject  of  a  great  deal  of  literature  (17:131). 

Like  SIMSCRIPT,  GASP  is  also  a  special  purpose, 
discrete  change  simulation,  event  oriented  language.  In 
the  user  survey  reported  by  Shannon,  GASP  is  rated  lower 
than  SIMSCRIPT  and  GPSS  for  capability  and  preference,  but 
is  rated  abon-’  the  same  as  SIMSCRIPT  for  ease  of  use 
(17:140).  Aj-tnough  a  simulation  language,  GASP  is  FORTRAN 
based  and,  therefore,  can  normally  be  used  on  any  machine 
for  which  a  FORTRAN  IV  compiler  is  available  (17:131). 

DYNAMO  is  a  continuous  change  simulation  language 
which  is  used  when  the  correct  simulation  of  the  effects 
of  instantaneous  rates  of  change  within  the  system  is  needed. 
In  a  simulation  situation  where  events  occur  in  discrete 
intervals  and  time  is  not  of  continuous  interest,  DYNAMO 
is  not  suitable  (17:131). 

"GPSS  (General  Purpose  Simulation  System)  is  a  simu¬ 
lation  programming  language  used  to  build  computer  models 
for  discrete-event  simulations  [16:vii],"  IBM  first 
developed  GPSS  in  the  late  Fifties  and  has  since  developed 
it  to  the  version  known  as  GPSS  V.  Different  versions  of 
GPSS  are  in  use  and  available  for  use  on  several  different 
brand  i  ame  computers.  As  a  language,  GPSS  offers  simplicity 
in  use,  programming  convenience,  and  service  as  "a  vehicle 


for  concept  articulation  [16:vii]."  The  language  derives 
its  simplicity  from  a  block  diagram/flowcharting  technique 
of  constructing  models,  and  it  incorporates  convenient 
features  for  the  automatic  production  of  statistical 
reports  (16:vii).  Thomas  A.  Schriber's  text.  Simulation 
Using  GPSS  explains  the  language  well  and  in  considerable 
detail. 


MGS  Repair  Process  Simulation  Design 
Selection  of  a  Simulation  Language 

Basically  the  selection  of  a  simulation  language 
is  dependent  on  two  sets  of  criteria:  the  first  set  deals 
with  the  selected  model  and  the  situation  to  be  simulated; 
the  second  set  is  made  up  of  the  analyst's  preferences  and 
the  existing  work  situation.  From  among  the  simulation 
languages  that  meet  the  first  set  of  criteria,  the  analyst 
selects  a  language  that  meets  his  needs  in  the  existing 
circumstances. 

In  simulation  terminology,  a  transaction  flow  model 
incorporates  the  characteristics  that  can  be  found  in  the 
MGS  and  GSP  repair  processes.  These  characteristics  form 
the  criteria  against  which  the  simulation  language  is 
measured  and  are  as  follows:  (1)  items  (transactions)  upon 
which  repair  operations  are  performed  are  discrete,  that 
is,  each  operation  is  a  single  event;  (2)  items  are  either 
being  worked  on,  in  transit  or  waiting  in  a  queue; 

(3)  transactions  are  inanimate  and  therefore  do  not  have 
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the  facility  to  choose,  e.g.,  whether  to  stay  in  the  queue 
or  not;  and  (4)  a  repair  process  is  an  open-loop  system, 
not  a  closed-loop,  dynamic  system.  (5)  Although  the  trans¬ 
actions  and  operations  in  the  MGS  repair  process  are  rela¬ 
tively  simple,  operations  are  numerous. 

The  first  conclusion  possible  from  the  preceding 
criteria  is  that  the  chosen  simulation  language  should  be 
a  special  language  that  can  do  the  job  and,  yet,  be  simple 
enough  to  minimize  the  sheer  programming  effort  that  would 
otherwise  be  needed  for  the  simulation  of  so  many  opera¬ 
tions. 

Because  DYNAMO  was  designed  to  simulate  dynamic, 
closed-loop  systems  which  are  characterized  by  continuous 
change,  it  was  therefore  unsuitable  for  the  simulation. 

Each  of  the  remaining  three  languages,  SIMSCRIPT,  GASP  and 
GPSS  were  capable  of  doing  the  job. 

Once  the  simulation  language  selection  was  narrowed 
down  to  those  languages  that  could  do  the  job,  the  remaining 
languages  were  measured  against  the  second  set  of  criteria. 
The  criteria  composed  of  the  circumstances  surrounding  the 
situation  and  the  analyst's  preferences  are  as  follows: 

(1)  computer  capacity  and  running  time  are  not  constraints; 

(2)  the  intended  user  was  unfamiliar  with  any  simulation 
language  and  was  a  student  under  a  time  constraint.  There¬ 
fore,  the  overriding  constraint  was  the  need  for  minimum 
learning  effort  and  simplicity.  Although  SIMSCRIPT  and 
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GASP  are  both  powerful  languages  and  often  preferred  by  pro¬ 
fessionals  in  computer  simulation  GPSS  is  noted  by  Shannon 
for  its  ease  of  learning  and  simplicity  in  use  (17:140). 

Because  of  its  simplicity  and  ease  of  learning, 

GPSS  was  used  for  the  model  of  the  MGS  repair  process.  Its 
suitability  for  a  repair  process  model  has  already  been 
demonstrated  (20:34). 

Simulation  Model  Design 

"The  design  for  a  computer  simulation  experiment  is 
essentially  a  plan  for  purchasing  a  quantity  of  informa¬ 
tion  .  .  .  [17:144]."  As  for  most  other  experiments,  the 
resources  for  a  given  simulation  are  normally  limited  and 
therefore  the  tradeoff  between  the  information  available 
from  a  model,  and  the  cost  of  getting  it  will  be  a  function 
of  the  model  design  (17:144).  However,  cost  and  benefits 
are  not  always  completely  exchangeable.  Most  simulations 
would  have  a  minimum  objective  and  therefore  a  minimum  cost 
involved.  Only  above  the  minimum  requirement  can  tradeoffs 
take  place.  Therefore,  at  each  step  in  the  creation  of  the 
model,  the  designer  should  always  be  mindful  of  the  objec¬ 
tives,  and  the  costs  of  building,  validating  and  making 
enough  experimental  runs  from  which  to  obtain  valid  data 
(17:208) . 

Initial  design  of  the  MGS  repair  process  model 
identified  several  minimvim  required  capabilities.  In  order 
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to  meet  the  objectives  of  the  research  questions,  the  pro¬ 
posed  model  had  to  adequately  simulate: 

1.  a  multi-level  repair  process;  i.e.,  the  simu¬ 
lation  of  many  repair  lines  concurrently; 

2.  two  or  more  operations  utilizing  the  one  repair 
station  (not  concurrently) ; 

3.  up  to  three  shifts  per  day  per  server,  and  for 
variable  days  per  week; 

4.  variable  decoupling  inventories  between  differ¬ 
ent  levels  of  repair;  and 

5.  repair  recycling. 

A  prototype  model,  incorporating  all  of  the  foregoing  con¬ 
cepts  was  built,  simulated  and  tested  before  any  attempt 
was  made  to  construct  the  overall  model.  To  help  illus¬ 
trate  the  repair  functions  to  be  simulated.  Figures  6/  7 
and  8  show  simplified  diagrams  of  preceding  submodels  1, 

2  and  5  respectively. 

A  detailed  technical  explanation  of  the  simulation 
model  design  and  the  computer  program  itself  are  contained 
in  Appendices  A  through  C. 

The  data  required  to  build  the  model  consisted 
primarily  of  repair  operation  frequency  and  repair  transfer 
destinations  for  the  MGSs  processed.  Repair  times  for  each 
of  the  repair  operations  was  also  required  for  model  develop¬ 
ment.  A  detailed  description  of  the  model-data  base  is 
presented  in  Chapter  IV. 
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Assumptions 

As  previously  .■  .ted  in  the  discussion  on  modeling, 
any  model  is  an  abstraction  of  the  real  world  made  possible 
by  the  use  of  simplifying  assumptions  (17:20).  The  follow¬ 
ing  general  assumptions  support  the  model  developed  by  the 
authors. 

1.  A  simulation  model  that  reflects  the  real  world 
in  situation?^  that  can  be  validated  will  continue  to 
reflect  the  real  world  in  situations  that  cannot  be  vali¬ 
dated.  This  assumption  is  basic  to  the  use  of  the  model  as 
a  predictive  device. 

2.  Adequate  floor  space  and  utilities  to  accommo¬ 
date  the  addition  repair  resources  are  available.  It  was 
not  within  the  scope  of  the  research  to  evaluate  adequacy 
of  floor  space  and  utilities;  but,  rather,  to  present 
AGMC's  management  with  information  regarding  the  need  for 
additional  repair  resources  at  a  specified  work  load. 

AGMC '  s  management  can  then  determine  how  best  to  accommo¬ 
date  the  addition  repair  resources. 

3.  Addition  of  repair  resources  to  a  repair  sta¬ 
tion  can  occur  immediately;  i.e.,  the  lead  times  on  the 
supply  of  additional  equipment  and  trained  people  are 
assumed  to  be  zero.  The  preceding  assumption  can  be  safely 
made  in  the  research  because  the  object  of  the  research  was 
to  predict  the  need  for  additional  repair  capacity,  a 


step  that  should  always  precede  any  assessment  of  supply 
or  training  lead  times. 

4.  The  practice  of  "cannibalization"  does  not 
exist.  Cannibalization/  when  it  exists,  refers  to  the 
practice  of  removing  a  serviceable  component  from  an 
unserviceable  system  and  its  subsequent  installation  in 
another  unserviceable  system  to  make  the  latter  system 
serviceable  (11) .  Simulation  of  the  cannibalization  pro¬ 
cess  would  seriously  complicate  the  model  and  potential 
increases  to  model  validity  would  not  be  worth  the  effort. 
Additionally,  AGMC  managers  feel  that  the  existence  of 
actual  cannibalization  is  so  minimal  that  no  benefit  could 
be  derived  from  including  it  in  the  model  (9;  11) . 
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CHAPTER  IV 

SIMULATION  MODEL  VALIDATION 

This  chapter  presents  the  methodology  used  to  vali¬ 
date  the  simulation  model.  It  begins  with  a  theoretical 
discussion  of  model  validation,  presents  a  thorough  discus¬ 
sion  of  the  model's  data  base  and  proceeds  to  an  explana¬ 
tion  of  the  methods  used  to  logically  test  for  support/no 
support  of  the  research  hypothesis. 

Theoretical  Discussion 

"A  model  should  only  be  created  for  a  specific 
purpose,  and  its  adequacy  or  validity  evaluated  only  in 
terms  of  that  purpose  [17:208]."  Before  any  model  can  be 
put  to  use  the  degree  of  confidence  that  a  user  has  in  its 
ability  to  predict  needs  to  be  established.  Such  an  ability 
for  prediction  is  a  function  of  how  well  a  model  can  repli¬ 
cate  the  problems  and  behavior  of  the  system  being  simu¬ 
lated;  or  at  least  a  replication  of  those  system  character¬ 
istics  of  interest  to  the  research  purpose  (17:208). 

Shannon  includes  validation  within  the  process  of 
model  evaluation,  along  with  the  categories  of  verifica¬ 
tion  and  problem  analysis.  Verification  is  insuring  that 
the  model  behaves  as  the  experimenter  intended,  which  is 
the  same  as  establishing  reliability.  If  the  model  is 
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reliable,  it  will  replicate  results  reasonably  consistently. 
However,  reliability  does  not  imply  validity  since  results 
can  be  consistently  false.  Validation,  therefore,  follows 
verification  and  tests  the  agreement  between  the  behavior 
of  the  model  and  that  of  the  real  system.  Problem  analysis 
deals  with  the  interpretation  of  experimental  results  (17: 
210) . 

The  principal  method  of  validating  a  computer  simu¬ 
lator  model  is  by  "comparing  the  input-output  transforma¬ 
tions  of  the  model  to  those  of  the  real  world  system  [17: 
217]."  However,  Shannon  points  out  that  errors  in  design, 
programming,  data,  procedural  use  of  model,  and  in  inter¬ 
pretation  of  results,  even  when  minimal,  prevent  a  model 
from  replicating  the  basic  system  exactly.  In  establishing 
validity,  the  researcher  needs  to  perform  statistical  tests 
and  seek  expert  opinion  from  participants  in  the  real  sys¬ 
tem  being  modeled.  Only  then  can  the  researcher  consider 
that  he  has  a  valid  model  with  which  to  run  experiments 
(17:216,217,227) . 
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choice  of  probability  distributions,  and  the  assumptions 
made  about  the  data  are  presented  in  detail.  By  providing 
this  detailed  explanation  the  researchers  hope  to  provide 
the  reader  enough  information  about  the  underlying  data  so 
that  he  can  exercise  his  ovm  judgement  concerning  its 
validity. 

Primary  Sources 

The  primary  sources  of  data  for  the  model  were  as 

follows; 

a.  MGS 

1.  Flow  Diagram  MM  III  System,  1  January  1975; 

2.  Fy-75  Line  Load  and  Personnel  Equivalents, 
18  April  1975. 

b.  GSP 

1.  Flow  Diagram  MM  III  Platform,  1  July  1974; 

2.  FY-75  Line  Load  and  Personnel  Equivalents, 
21  April  1975. 

For  both  the  MGS  and  GSP  repair  lines  the  above 
documents  were  discussed  with  AGMC  staff  personnel  and 
repair  line  managers  to  identify  inconsistencies  between 
the  documents  and  actual  operations.  General  corrections 
were  needed,  particularly  to  the  Flow  Diagram  MM  III  Plat¬ 
form,  1  July  1974.  Revised  flow  diagrams  are  given  in 
Figure  2  and  4,  pages  16  and  21  respectively.  See  Tables 
3  and  4  for  copies  of  Line  Load  and  Personnel  Equivalent 
lists  that  were  used. 
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TABLE  3 

FY-75  LINE  LOAD  AND  PERSONNEL  EQUIVALENTS  18  APR  75 
NS20  SYSTEM  TEST  AND  REPAIR 


Operation 

Process 

Hotirs 

Man 

Hours 

Occurrence 

Factor 

RECEIVE  SYS  C&W 

1.26 

2.51 

1.00 

STAGE  DATA  ACQ 

6.25 

9.51 

1.00 

MAL  VER  DIAG 

12.69 

9.04 

1.02 

REMOVE  GSP 

1.62 

3.23 

0.73 

REMOVE  D37 

0.68 

0.68 

0.93 

REMOVE  MGSC 

0.37 

0.37 

0.41 

REMOVE  P-92 

0.42 

0.42 

0.32 

REMOVE  TRANSDET 

0.34 

0.34 

0.28 

RIMOVE  BWH 

3.21 

5.42 

0.28 

REPAIR  BWH 

6.35 

12.72 

0.28 

DITMCO  BWH 

3.22 

6.19 

0.52 

REPAIR  SHIELDS 

0.00 

1.02 

2.55 

REFURBISH  PARTS 

1.00 

1.80 

0.41 

INSTALL  BWH 

6.24 

10.07 

0.28 

INSTALL  TRANSDET 

0.45 

0.45 

0.29 

INSTALL  P-92 

1.34 

1.34 

0.32 

INSTALL  MGSC 

0.85 

0.85 

0.41 

INSTALL  D37 

1.44 

1.44 

0.53 

INSTALL  GSP 

1.02 

2.00 

0.73 

FUNCT  TEST 

5.35 

6.94 

0.86 

PERFORM  TEST 

34.71 

23.90 

0.56 

WING  V  BIAS 

9.70 

7.13 

0.25 

STAGE  OUT 

4.45 

3.21 

1.00 

SHIP  SYSTEM  C&W 

5.37 

5.93 

1.00 

Average  Process  Hours:  71.25 


Average  Manhours:  74.31 


TABLE  4 


Fy-75  LINE  LOAD  AND  PERSONNEL  EQUIVALENTS  21  APR  75 

NS20  GSP 


Operation 

Process 

Hours 

Nan 

Hours 

Occurrence 

Factor 

STAGE  IN 

1.84 

1.84 

1.00 

MAL  VER  DIAG 

8.54 

8.54 

0.77 

RMV  HSG 

2.85 

2.85 

1.56 

REMOVE  PIGA 

0.53 

0.53 

1.10 

REMOVE  GCA 

1.01 

1.01 

0.83 

REMOVE  GYRO 

0.40 

0.40 

0.81 

REMOVE  PLUG 

1.35 

1.35 

0.20 

REMOVE  THERM 

0.46 

0.46 

0.14 

REMOVE  TORQ  MTR 

1.02 

1.02 

0.01 

R&R  MODULE 

1.70 

1.70 

1.00 

AXIS  REPAIR 

47.11  . 

.47.11 

0.04 

MIN  REPAIR 

0.97 

0.97 

1.36 

REFURB  PARTS 

1.00 

1.00 

0.72 

REL  CABLE  TENS 

6.09 

6.09 

0.02 

MOD  TCT0607 

9.67 

9.67 

0.30 

DITMCO 

4.20 

5.23 

0.37 

INS  THERM 

0.99 

0.99 

0.18 

INS  TORQ  MTR 

2.98 

2.98 

0.01 

INS  CABLE  PLUG 

10.64 

10.64 

0.30 

INS  GYRO 

1.00 

1.00 

0.73 

INS  GCA 

0.92 

0.92 

0.75 

INS  RIGA 

0.53 

0.53 

1.20 

REP  VER 

2.26 

2.26 

1.01 

COVER  HSG  REP 

1.02  • 

1.02 

0.02 

LEAK  TEST 

3.40 

3.40 

1.19 

REP  LEAKS 

2.70 

2.70 

0.18 

PRE  VIB 

3.01 

2.12 

1.58 

VIB 

2.59 

3.42 

1.42 

POST  VIB 

2.38 

1.59 

1.34 

PERFORMANCE 

25.65 

17.18 

1.09 

WING  V  BIAS 

8.26 

5.45 

0.68 

CHANGE  ID 

0.86 

0.86 

0.28 

STAGE  OUT 

2.15 

2.15 

1.00 

Average  Process  Hours; 

Average  Manhours:  88. 

100.08 

03 

■■«3Wiwrjfraifc^ii3iu*i:7’Jsiak-rJi. 
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Additionally,  each  of  the  documents  for  both  the 
MGS  and  GSP  were  cross-checked  to  remove  any  discrepancies 
which  may  have  existed  between  the  two.  The  following  rules 
were  applied  to  resolve  any  inconsistency  in  primary  data 
received  from  AGMC.  (See  pages  3  and  5  for  definitions  of 
repair  operation  and  transfer,  respectively.) 

a.  A  repair  operation  or  transfer  had  to  appear  on 
both  documents  and  be  verified  by  AGMC  floor  managers  as 
belonging  to  the  respective  repair  line  in  the  position 
shown  before  inclusion  in  the  simulation  model. 

b.  Any  discrepancy  in  repair  operation  or  transfer 
process  times  was  either  resolved  with  the  AGMC  staff  or 
the  documents  with  the  latest  date  were  used. 

Resources  Data 

Data  with  respect  to  the  actual  physical  utiliza¬ 
tion  of  men  and  equipment  were  obtained  entirely  by  personal 
interview  with  the  respective  MGS  and  GSP  repair  line 
managers.  Specifically,  the  line  managers  were  able  to 
identify  which  group  of  men,  a  total  of  four  groups  were 
identified,  was  responsible  for  each  repair  operation  as 
well  as  the  number  of  men  it  took  to  do  each  operation. 

The  line  managers  provided  the  same  information  with 
respect  to  which  set  of  test/handling  equipment  was  used 
during  each  repair  activity.  In  this  case,  the  line  mana¬ 
gers  identified  twelve  distinct  sets  of  test/handling 


50 


equipment.  The  reader  is  referred  to  Table  5  for  the  repair 
resource  data  which  were  input  to  the  model  as  Matrix  No.  1. 

Service  Time  Distributions 

Each  repair  operation  or  transfer  is  subject  to  a 
service  time  which  is  a  random  variable.  For  purposes  of 
this  thesis,  the  service  times  are  presumed  to  follow  one 
of  four  different  distributions.  The  distributions  chosen 
as  relevant  to  mechanical/electronic  repair  processes 
are  the  rectangular,  exponential,  normal  and  log-normal.^ 

See  Table  6  for  service  time  data  input  to  the  model  as 
Matrix  No.  2.  The  reasons  for  selecting  the  assumed  dis¬ 
tributions  are  explained  below. 

The  distribution  assumptions  were  necessary  because, 
theoretically,  the  choice  of  a  service  time  distribution 
for  each  repair  operation  should  be  based  on  actual  observa¬ 
tion  of  the  respective  operations.  However,  the  time 
required  to  conduct  actual  observations  for  some  fifty-eight 
different  operations  is  so  immense  that  it  precludes  an 
attempt  by  a  thesis  team. 

For  the  simulation  model  the  researchers  chose  to 
use  approximated  distributions  using  only  one  parameter,  the 
mean,  which  was  based  on  historical  records.  Distribution 
types  were  assigned  to  each  operation  according  to  the 
following  guidelines  which  are  based  on  previous  simulation 

^The  FORTRAN  subroutine  for  the  generation  of  log¬ 
normal  deviates  is  presented  in  Appendix  C. 
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TABIE  6 

MODEL  DATA  MATRIX  NO.  2 
SERVICE  TIMES  AND  MISCELLANEOUS 


Service 

Time 

Distrubitons 

Dist.* 

Type 

PARAM 

PARAM  PARAM 

# 

A 

B  C 

Number 


Sim. 
Tab!  e 


Sub-Model 

Activity 


*Distribution  Types  A 

1 .  Rectangular  Mean 

2.  Exponential  Mean 

3 .  Normal  Mean 

4  Lognormal  Mean 

**Sub-Model  Activity  Types 


Parameters 

B 

1/2  Width 

S.  Dev. 
Mode 


1.  Simple/Men/Set  1  only  (iterative  model) 

2.  Simple/Men/Set  1  and  Set  2 

3.  Simple/Men /Set  1  or  Set  2 

4.  Simple/Men/Set  1  and  (Set  2  or  Set  3) 

5.  R&R/Men/Set  1/Awaiting  Parts  Queue 

tService  time  split  into  remove,  and  replace. 


••  4  ft 


TABLE  6  — Continued 


Service  Time  Distributions 
Dist. * 

Activity  Type  PARAM  PARAM  PARAM 

Number  #  ABC 


Sim. 

Sub-Model 

Table 

Activity 

# 

Type** 

1  970 

3  222 

3  593 

MGS  ENDS 


GSP 

STARTS 

51 

3 

184 

18 

52 

3 

104 

10 

54 

1 

854 

171 

55 

3 

285 

28 

56 

3 

102 

10 

58 

2 

97 

60 

4 

967 

851 

773 

61 

1 

226 

45 

62 

4 

170 

149 

136  81 

64 

3 

25 

2 

66 

4 

400 

352 

320  82 

68 

4 

140 

123 

112  83 

70 

4»  + 

53 

46 

42  84 

4’ 

53 

46 

42 

72 

4 

193 

169 

154  85 

74 

4 

145 

127 

116  86 

76 

4 

20 

17 

16  87 

78 

4 

1199 

1055 

959  88 

80 

4 

91 

80 

72 

82 

2 

102 

84 

2 

100 

86 

4 

4711 

4145 

3768 

88 

4 

145 

127 

116 

90 

4 

609 

535 

487 

92 

1 

523 

105 

94 

1 

226 

45 

96 

4 

513 

451 

410 

97 

3 

532 

53 

99 

4 

513 

451 

410 

100 

3 

532 

53 

101 

1 

301 

60 

103 

1 

342 

68 

105 

1 

238 

48 

++Activities  use  dummy  equipment  set  number 
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TABLE  6  — Continued 
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work  on  the  Minuteman  II  MGS/GSP  by  Whitson  and  Carney  (20) , 
and  from  fifteen  years  of  experience  in  gyro  platform  and 
avionics  repair  by  one  of  the  authors. 

a.  A  rectangular  distribution  was  used  if: 

1.  The  service  time  was  machine  dependent, 
e.g.,  a  test  at  an  automatic  station; 

2.  If  service  times  within  a  given  range  were 
equally  likely. 

b.  An  exponential  distribution  was  used  if  the 
service  time  was  unpredictable,  such  as  a  random  repair 
operation  where  the  required  service  is  often  brief  but 
will  occasionally  be  extensive. 

c.  A  normal  distribution  was  used  if  the  operation 
was  man  dependent  and  of  a  routine  administrative  nature, 
such  as  the  Stage-in  and  Stage-out  repair  operations. 

d.  A  log-normal  distribution  was  used  if  the  opera¬ 
tion  was  man  dependent  and  a  routine  repair  activity.  Most 
repair  operations  came  under  this  category. 

Once  an  appropriate  distribution  had  been  assigned 
to  a  repair  operation,  estimates  of  its  respective  para¬ 
meters  were  made  by  the  research  team.  The  mean  (parameter 
A)  was  available  in  each  case  but  other  parameters  were 
approximated  as  follows: 

a.  Rectangular  Distribution  Parameter  B,  the  half¬ 
width,  was  set  at  twenty  percent  of  the  mean.  This  per¬ 
centage  was  also  used  by  Whitson  and  Carney  (20:91-99). 


: ~iVT;fc  "i 
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b.  Normal  Distribution  Parameter  B,  the  standard 
deviation,  was  set  at  ten  percent  of  the  mean. 

c.  Log-normal  Distribution  Parameter  B,  the  mode 
was  set  at  eighty-eight  percent  of  the  mean  and  Parameter 

C,  the  minimum  value,  was  set  at  eighty  percent  of  the  mean. 
The  researchers  derived  these  parameter  values  after  inspec¬ 
tion  of  known  log-normal  distributions  including  those  used 
by  Whitson  and  Carney  (20:91-99). 

In  summary,  the  data  underlying  the  model  is  combi¬ 
nation  of  standard  historical  data  used  by  AGMC,  raw  data 
attained  by  personal  investigation  and  interviews  on  the 
MGS/GSP  repair  line,  and  approximations  based  on  probability 
theory  and  experience.  The  data  were  not  the  result  of 
record  sampling  or  direct  observation.  Therefore,  several 
assumptions  concerning  the  validity  of  the  simulation 
model's  underlying  data  was  necessary.  The  assumptions  are 
as  follows: 

a.  Standard  data,  in  particular,  for  repair  trans¬ 
fer  and  repair  operation  mean  service  times  are  representa¬ 
tive  of  the  actual  processes  in  existence  at  AGMC. 

b.  The  four  distribution  types  and  their  method 
of  assignment  to  service  times  are  a  reasonable  approxima¬ 
tion. 

c.  The  approximation  of  distribution  parameters 
as  previously  discussed  is  reasonable. 
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Testing  the  Research  Hypothesis 
Research  Hypothesis 

A  simulation  model  of  the  MGS  repair  process  can  be 
developed  that  ref  lects  the  actual  MGS  repair  process  at  AGMC. 

Design  to  Determine  Model 
Steady  State  Operation 

One  of  the  first  steps  in  the  model  validation  pro¬ 
cedure  is  the  determination  of  the  simulation  model '  s 
achievement  of  steady  state  operation.  Steady  state  is 
essentially  the  point  at  which  differences  in  successive 
observations  of  the  model's  performance  are  statistically 
indistinguishable  (17:209).  By  reaching  steady  state,  the 
model  builder  is  assured  that  any  output  variation  noted 
when  exercising  the  model  is  the  result  of  a  change  in  input 
and  is  not  caused  by  variation  in  the  model  itself. 

Basically,  the  approach  used  to  test  for  steady 
state  operation  was  to  track  the  behavior  of  specific  vari¬ 
ables  from  initialization  of  the  simulation.  Variables 
tracked  for  this  purpose  were  the  transfer  fractions  of 
Activity  6  and  the  input  and  output  rates  of  the  MGS.  The 
repair  transfer  fraction  was  used  to  estimate  the  achieve¬ 
ment  of  steady  state. 

Table  7  gives  the  progressive  repair  transfer  frac¬ 
tions  simulated  for  Activity  6.  Figure  9  presents  a  graph 
of  the  same  information  for  Activity  6.  The  graph  shows 
that  the  figures  stabilized  after  about  twenty  periods 
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TABLE  7 

PROGRESSIVE  TRANSFER  FRACTION 
ACTIVITY  6 


Period 

Fraction 

Period 

Fraction 

Period 

Fraction 

1 

.611 

11 

.509 

21 

.500 

2 

.573 

12 

.507 

22 

.502 

3 

.526 

13 

.512 

23 

.502 

4 

.523 

14 

.509 

24 

.489 

5 

.513 

15 

.505 

25 

.507 

6 

.485 

16 

.499 

26 

.538 

7 

.480 

17 

.493 

27 

.51 

8 

.500 

18 

.489 

28 

.508 

9 

.570 

19 

.490 

29 

.505 

10 

.505 

20 

.497 

30 

.502 

t 


I 
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(eighty  weeks  of  simulated  operation,  one  period  equals 
four  weeks  of  simulated  operation)  ,  but  because  the  simula¬ 
tion  had  been  set  up  to  run  for  thirty  periods,  then  a 

4 

further  twenty  periods,  the  thirtieth  period  was  judged 

f 

to  be  a  suitable  estimate  of  steady  state  occurrence. 

The  test  for  steady  state  operation  was  to  take  the 
MGS  outputs  from  time  periods  twenty-one  through  thirty. 
Sample  A,  and  to  compare  these  with  the  MGS  outputs  from 
time  periods  forty-one  through  fifty.  Sample  B.  The  Mann- 
Whitney  test  of  central  tendency  was  used  to  test 
the  outputs  at  the  ninety-five  percent  confidence  level. 

A  nonparametric  test  was  used  because  the  distribution  of 
the  MGS  was  not  known  to  be  normal.  The  Mann-Whitney  test 
was  applied  as  follows; 

a.  Hypothesis  to  be  tested 

Hq  median  (X^)  =  median  (Xg) 

median  (X^)  ^  median  (X^) 

Na  =  10 

Nfi  =  10 

0/2  =  .025 

b.  Sample  data,  sample  size  (N)  was  10. 


Sample  A 

39 

40 

40 

41 

42 

38 

41 

42 

38 

40 

Sample  B 

39 

43 

37 

42 

40 

38 

42 

40 

40 

39 

4 

After  thirty  periods  statistics  gathered  during  the 
transient  phase  were  printed  out,  then  reset  to  zero  so 
that  steady  state  statistics  could  be  accrued  during  the 
next  twenty  periods. 


c.  Ranking  of  the  data 


B 

B 

A 

A 

B  B 

A 

B 

B 

B 

A 

37 

38 

38 

38 

39  39 

39 

40 

40 

40 

40 

Rank 

1 

3 

3 

3 

6  6 

6 

9.17 

9.17 

9.17 

9.17 

A 

A 

A 

A 

B 

B 

A 

A 

B 

40 

40 

41 

41 

42 

42 

42 

42 

42 

Rank 

9.17 

9 

.17 

14.5 

14.5 

17.5 

17.5 

17.5 

17.5 

20 

d.  Computations 

EA  =  W-  =  103.51 
A 

E{W)  =  1/2  (N^  +  Ng  +  1) 

-  1/2  .10  (21) 

=  105 

“w  =  I’aI'b  +  "b  ^  1> 
=  1/12  •  10  *10  (21) 

Therefore, 

»  12.228 


w  ^  v. 


»  -.1126 

Therefore, 

=  (Z  <  -.1126)  =  .4559 
.4559  >  .025 


cannot  reject  Hq. 


Therefore, 
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The  results  of  this  test  show  that  the  MGS  output 
per  period  for  periods  forty-one  to  fifty  are  almost  identi¬ 
cal  to  those  from  periods  twenty-one  to  thirty;  therefore, 
the  researchers  could  conclude  that  the  model  was  in  steady 
state  operation  after  the  thirtieth  time  period. 

Design  to  Verify  the  Model 

Once  steady  state  operation  had  been  achieved, 
verification  of  the  model  was  begun.  The  simulation  model 
was  initially  run  to  permit  assessment  of  its  reliability. 
Data  used  in  the  model  was  real-world  data  obtained  from 
AGMC,  but  could  have  been  synthetic  because  validity  of  the 
model  was  not  yet  in  question.  Assessment  of  reliability 
is  essentially  the  same  as  computer  program  debugging,  a 
process  which  stops  when  the  programmer  believes  the  program 
is  giving  the  results  expected  from  known  inputs. 

The  range  of  checks  that  were  accomplished  to  verify 
the  model  are  as  follows: 

a.  Check  for  the  presence  of  all  activities  in  the 
model  and  correct  interactions  between  activities. 

b.  Check  for  the  correct  generation  of  statistics, 
for  example: 

1.  Correct  MGS  input  rate. 

2.  Consistent  output  with  no  undue  queueing 
within  the  model. 

3.  Correct  repair  transfer  fractions. 

4.  Correct  logic. 
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c.  Check  for  correct  generation  of  log-normal 
deviates  by  the  FORTRAN  subroutine. 

d.  Check  that  computer  program  tables  were  record¬ 
ing  data  as  specified. 

Most  of  the  above  checks  were  made  by  inspection 
and  manual  calculation  at  random  points  in  the  model.  All 
results  were  satisfactory  and  the  model  was  deemed  to  be 
operating  as  intended. 

Several  examples  of  the  verification  checks  that 
were  performed  are  as  follows; 

a.  MGS  input  inter- arrival  Time  (lAT) 

time  units  1440000 


lAT  simulated  -  - 

=  1194.03  units 
Specified  =  1200 
Error  =  5% 

b.  Repair  transfer  fractions 


1206 


Specified 

Simulated 

Fraction 

Fraction 

Error 

.5 

.497 

.6% 

.872 

.863 

1% 

.359 

.368 

2.69% 

c.  Activity  55  was  chosen  for  a  Logic  Check 
because  it  is  the  model  activity  with  the  most  sources. 
The  simulation  showed  that  Activity  55  had  1411  entries. 

A  manual  count  of  the  expected  number  entries  to  Activity 
55  from  all  sources  totaled  1411. 
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d.  A  check  of  the  FORTRAN  subroutine  for  generating 
log-normal  deviates^  for  Activity  5  showed  the  following 
data: 

1.  Mean  =  164 

2.  Mode  =144 

3.  Minimum  =  131 

4.  Z  =  -1.027655 

Computationally,  it  was  determined  that  the  subroutine 
should  produce  a  log-normal  deviate  of  163  which  was  found 
to  be  correct  upon  inspection. 

Based  on  the  foregoing  checks,  tho  researchers 
concluded  that  the  model  was  reliable  and  was  therefore 
verified. 

Design  to  Test  the  Model’s  Validity 

Validation,  as  was  discussed  earlier,  follows  veri¬ 
fication  and  tests  the  agreement  between  the  behavior  of 
the  model  and  that  of  the  real  system.  Shannon  has  pointed 
out  that  statistical  tests  play  a  key  role  in  establishing 
validity  (17:227).  Therefore,  a  comprehensive  set  of 
statistical  validity  tests  were  devised  to  evaluate  the 
model.  Specifically,  the  following  areas  were  evaluated 
in  cOTjparison  with  the  real-world  situation  to  determine 
the  model's  validity. 

^The  FORTRAN  subroutine  is  presented  in  Appendix  C. 
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a.  MGS  input  rate  and  arrival  probability  distri¬ 
bution. 

b.  MGS  output  rate. 

c.  Replacement  rate  of  GSP  (GSP  input  rate) . 

d.  GSP  output  rate- 

e.  Replacement  rate  of  PIGA  (PIGA  input  rate) . 

f.  Consumption  of  manhours  for  MGS  and  GSP  pro¬ 
cessed. 

g.  Consumption  of  process  hours  for  MGS  and  GSP 
processed. 

.  d.  * 

In  the  following  paragraphs  the  validation  check  of  each  of 
the  above  areas  will  be  presented  under  a  separate  heading. 

MGS  input  rate.  AGMC  historical  records  indicated 
that  the  mean  MGS  input  rate  was  forty  per  month  which 
correspond-  to  one  per  twelve  hours  for  twenty,  twenty-four- 
hour  work  days  per  month.  Normally,  the  model  builder 
would  expect  the  MGS  arrival  rate  distribution  to  follow 
a  poisson  distribution,  but  inspection  of  the  actual  inputs 
to  the  MGS  repair  line  revealed  that  the  uniform  distribu¬ 
tion  more  accurst aly  represented  the  actual  MGS  arrival 
rate.  Th'-  researchers  found  that  simulation  runs  using  a 
rect'incu.1  ai.  dijtribution  interarrival  time  of  12  +  2.4 
hoji’s  best  rei'li-cted  the  real  world  situation  at  AGMC. 

®The  rectangular  distribution  is  the  continuous 
counterpart  of  the  discrete  uniform  distribution. 
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MGS  output  rate.  The  researchers  have  inferred 
from  W^^gner's  discussion  on  queueing  theory,  that  any  repair 
pr  .  Aould  output,  on  the  average,  at  the  same  rate  as 

the  v.)  .  (19:453-486).  From  this  the  researcher  can  con¬ 

clude  that  given  an  actual  mean  input  rate  of  forty  per 
month,  the  mean  output  rate  should  also  be  forty.  The 
following  hypothesis  was  therefore  tested  at  the  ninety-five 
percent  confidence  level  using  the  Mann-Whitney  test  of 
Central  Tendency,  wh;,-.--  .simulation  model  output  rate  = 
and  actual  AGMC  mean  .nput  rate  =  Xg.  Sample  size  (N)  is  10. 

a.  Hypothesis  to  be  tested 

Hq  median  (X^)  =  median  (Xg) 
median  (X^)  ^  median  (Xg) 

=  10;  Ng  =  10;  a/2  =  .025 

b.  Sample  data 

X,  =  39  40  40  42  38  40  42  37  43  39 

A 

X_  =  10  values  of  40 

c.  Computations 

Ranking  leads  to  ZA  =  =  100 

E(w)  =  1/2  (Nj^  +  Lg  +  1)  =  105 
=  1/12  N^Ng  +  Ng  +  1)  =  105 

(P-  =  13.228 
w 

-  E(w) 


100  -  105 
13.228 
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=  .3779 

PR  (Z  <  -.3779)  =  . 352 >  a/2  =  .025 
Therefore,  cannot  reject  Hq. 

Therefore,  accept  output  rate  as  valid. 

GSP  replacement  rate.  Because  the  GSP  replacement 
rate  is  a  function  of  the  number  of  MGS  input,  an  appropri¬ 
ate  test  is  one  that  checks  how  closely  the  simulated  ratio 
of  GSP  replaced  to  MGS  input  matches  the  real-world  ratio. 
The  Student's  "t"  test  was  deemed  suitable  because  of  the 
assumption  that  the  underlying  distribution  was  normal  and 
because  the  standard  deviation  was  only  known  for  the 
simulated  data.  Let  Y  be  the  random  variable  of  GSP 
replacement  to  MGS  input  ratio.  Also  let  y  be  the  sample 
mean  of  the  simulated  ratio  of  GSP  replaced  to  MGS  input, 
and  let  y  be  the  actual  AGMC  mean  ratio  of  GSP  replaced  to 
MGS  input . 

„  _  GSP  replaced  (IN) 

MGS  input  (IN) 

a.  Sample  data 

Sample  size  is  20.  Simulated  data  from  periods 
31  to  50,  Table  8. 

y  =  .739 

SD(y)  =  .091  =  Sy 

b.  AGMC  data 


V 


.73 


TABLE  8 


BASIC  SIMULATION  RESULTS 
(STEADY-STATE) 


Simulated 

Period 

Number* 

Trcuisfer 

Fraction 

Activity 

#6 

1  Quantities/Period 

PIGA (IN) 

1  MGS 

GSP 

PIGA 

GSP (IN) 

IN** 

OUT 

IN 

OUT 

IN 

MGS (IN) 

GSP (IN) 

31 

.421 

40 

42 

25 

33 

38 

.625 

1.520 

32 

.518 

40 

40 

24 

33 

20 

.600 

.833 

33 

.559 

40 

40 

31 

31 

36 

1  .775 

1.161 

34 

.546 

40 

38 

33 

29 

31 

1  .825 

.939 

35 

.  5. 

40 

40 

33 

31 

40 

.825 

1.212 

36 

.545 

41 

43 

33 

32 

40 

.805 

1.212 

37 

.544 

41  . 

37 

30 

32 

31 

.730 

1.033 

38 

.520 

40 

43 

31 

34 

30 

.775 

.967 

39 

.572 

40 

42 

27 

28 

29 

.675 

1.074 

40 

.576 

40 

38 

29 

28 

36 

.725 

1.125 

41 

.507 

40 

39 

25 

25 

28 

.625 

1.120 

42 

.497 

40 

40 

25 

26 

22 

.625 

.880 

43 

.486 

40 

40 

35 

27 

38 

.875 

1.080 

44 

.480 

40 

42 

27 

32 

35 

.675 

1.296 

45 

.478 

39 

38 

31 

26 

35 

.790 

1.129 

46 

.480 

41* 

40 

31 

32 

40 

.756 

1.290 

47 

.477 

40 

42 

28 

33 

33 

.700 

1.178 

48 

.477 

40 

37 

28 

28 

23 

.700 

.821 

49 

.479 

41 

43 

28 

29 

32 

.725 

1.143 

50 

.479 

40 

39 

38 

25 

27 

.950 

.710 

♦Twenty  steady-state  test  periods  of  four  weeks  each. 
♦*IN  euid  OUT  are  with  respect  to  respective  repair  lines. 
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c.  Hypothesis  to  be  tested 
Hq  y  =  y  =  -73 

y  y  *73 

n  =  20;  a/2  =  .025 

d .  Computations 


=  -.442 

for  1  -  a/2  =  .975;  degrees  of  freedom  =  19 

^.975,19  “  - 

t  *  -.442  >  -2.093 

Therefore,  cannot  reject  H^. 

Therefore,  accept  GSP  replacement  rate  as  valid. 

GSP  output  rate.  The  GSP  output  was  tested  using 
the  Mann-Whitney  Test  of  Central  Tendency  at  the  ninety-five 
percent  confidence  level.  Sample  A  (X^)  is  simulated  data 
and  consists  of  the  GSP  output  observations  for  periods 
41  through  50  given  in  Table  8  .  Sample  size  (N^)  is  10. 
Scunple  B(Xg}  data  was  taken  from  AGMC  records  for  MM  III 
Workload,  FY-76,  dated  13  January  1976  and  portrays  GSP 
outputs  for  the  months  of  July  through  December  1975. 
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a.  Sample  data 

X,  25  26  27  32  26  32  33  28  29  25 

A 

33  27  32  26  26  33 

O 

b.  Hypothesis  to  be  tested 

Hq  median  (X^)  =  median  (Xg) 
median  (X^)  =  median  (Xg) 

=  10;  Ng  =  6;  a/2  =  .025 

c .  Computations 

The  result  of  ranking:  IB  =  Wg  *  56.5 
E(w)  =  1/2  Ng  (N^  +  Ng  +  1) 

=  1/2  (6)  (17) 

=  51 

(Nj  +  Ng  +1) 

»  1/2  (6)  (10)  (17) 

»  f.5 

a  =  9.219 

-  E(w) 


_  56.5  -  51 

0T9 

=  .5966 

Pr  =  (z  >  .5966)  =  .275  >  a/2  =  .025 
Therefore:  cannot  reject  Hq. 

Therefore/  conclude  that  the  simulated  GSP  output  conforms 
very  closely  with  the  actual  output  for  a  six-month  period, 

PIGA  replacement  rate.  The  PIGA  replacement  rate 
is  a  function  of  the  number  of  GSP  input  to  the  repair 
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process.  In  the  same  manner  as  the  GSP,  the  Student's  "t" 
test  was  chosen  as  an  appropriate  statistical  test  because  of 
the  assumption  that  the  underlying  distribution  was  normal 
and  because  the  standard  deviation  was  only  known  for  the 
simulated  data.  Therefore,  let  P  be  the  random  variable, 

PIGA  replacement  to  GSP  input  rate.  Also  let  p  be  the 
sample  mean  of  the  simulated  ratio  of  PIGA  replaced  to  GSP 
input,  and  let  y  be  the  actual  AGMC  mean  ratio  cf  PIGA 
replaced  to  GSP  input. 

p  _  PIGA  replaced  (IN) 

GSP  input  (IN) 

a.  S2unple  data 

Sample  size  is  20.  Simulated  data  from  Table  8 
for  periods  31  to  50. 

p  *  1.086 

SD(P)  =  .1898  =  SP 

b.  AGMC  data 

y  =  1.1 

c.  Hypothesis  to  be  tested 
Hq  p  =  y  =  1.1 

3^  p  1. 1 

n  =  20;  a/2  =  .025 

d .  Computations 

t  =  -  V  --i- 

Sp//  n 

^  1.086  -  1.1 
,1Q9Q//~W 

=  -.329 


•jii.  .z 
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for  1  -  a/2  =  .975  at  degrees  of  freedom  =  19. 

‘.975,19  =  i  2-““ 

t  =  -.329  >  -2.093 

Therefore:  cannot  reject  Hq. 

Therefore:  accept  PIGA  replacement  rate  as  valid. 


Consiimption  of  manhours  and  process  hours  for  MGS 
and  GSP  processed.  Because  of  the  closely  interrelated 
nature  of  the  manhour  and  process  hour  validity  checks, 
both  are  discussed  within  this  section.  The  checks  were 
used  to  demonstrate  the  validity  of  the  simulation  model 
by  comparing  the  number  of  manhours  and  process  hours  con¬ 
sumed  for  a  given  number  of  MGS  and  GSP  repaired  with  the 
number  of  hours  that  AGMC  historical  records  indicated 
could  be  expected  to  be  consumed  for  the  same  number  of 
MGS  and  GSP  repaired.  For  these  tests  the  consumed  hours 
measured  were  combijied  for  the  MGS  and  GSP  because  the 
simulation  model  output  statistics  were  not  designed  to 
separate  consumption  of  resources  by  the  MGS  from  consxamp- 
tion  by  the  GSP.  The  procedures  followed  for  both  the  man 
hour  and  process  hour  comparisons  were  as  follows: 
a.  Calculate  simulated  consumption 


Manhours  = 
(process  hours) 


[ 

[ 


y  Average  Contents  of 
Resource  i 

Total  Simulated  Time  of 
Test  Period. 


] 

1 


7 

* 


7 

In  this  case  and  in  similar  calculations  throughout 
the  thesis,  the  asterisk  is  used  to  denote  multiplication. 


T 
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b.  Determine  from  the  simulation  the  number  of  MGS 
and  GSP  output  in  the  test  period  (80  weeks  simulated  data) 

c.  Calculate  the  expected  consiimption  hours  from 
the  product  of  numbers  of  MGS  and  GSPs  processed,  times  the 
expected  number  of  resource  hours  taken  from  the  MM  III 
System  and  Platform  Flow  Diagram. 

d.  Compare  figures  from  the  two  sources. 

The  first  subject  of  comparison  is  that  of 
manours.  The  simulated  average  contents  of  resources  of 
men  were  as  follows: 


Group 

Shift 

Simulation 
Storage  No. 

Average  _ 
Contents” 

1 

1 

121 

.81 

1 

2 

122 

.39 

1 

3 

123 

No  Third  Shift 

2 

1 

124 

1.11 

2 

2 

125 

1.09 

2 

3 

126 

.64 

3 

1 

127 

1.70 

3 

2 

128 

1.94 

3 

3 

129 

2.14 

4 

1 

130 

1.83 

4 

2 

131 

1.22 

4 

3 

132 

No  Third  Shift 

Total  .  . 

•  •  •  »  < 

.  .  .12.87 

Simulated 

time  =  9600  hours 

Simulated 

manhours 

consumption  =  9600  * 

12.87 

=  123,552 


MGS  output  in  period  =  803 

GSP  output  in  period  =584 

^Average  contents  refers  to  the  average  number  in 
use  throughout  the  steady  state  test  period. 
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Expected  consumption  MGS 
(from  AGMC  flow  chart) 

Expected  consumption  GSP 
(from  AGMC  flow  chart) 


Therefore, 

Expected  consumption 


74.31 

77.59 


(76.31  (803)  +  (77.59)  (584 
104,983 


Error 


123,552  -  104,983 
104,983 


=  .176 


The  simulated  manhour  consumption  is  therefore  17.6  percent 
high.  The  magnitude  of  this  error  will  be  discussed  follow¬ 
ing  the  process  hours  comparison  presentation. 

For  the  process  hours  comparison  the  simulated 
average  contents  of  the  twelve  test/handling  equipment 


resources  (sets) 

identified  were 

as 

follows: 

Set  No. 

1 

Simulation 
Storage  No. 

141 

Average  Contents 

.6 

2 

142 

1.85 

3 

143 

.24 

4 

144 

3.45 

5 

145 

.68 

6 

146 

2.03 

7 

147 

.88 

8 

148 

.97 

Q 

Average  contents  refers  to  the  average  number  in 
use  throughout  the  steady  state  test  period. 


^  'If 
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Set  No. 

Simulation 
Storage  No. 

Average  Content: 

9 

149 

.21 

10 

150 

00 

IT) 

11 

151 

.11 

12 

152 

.31 

Total  .  .  . 

....  11.91 

Simulated  Process  Hours  = 


Expected  Process  Hours  = 
(from  AGMC  flow  chart) 

Expected  Process  hours  = 
GSP  (from  AGMC  flow 
chart) 

MGS  output  in  period  = 

GSP  output  in  period  = 

Expected  Process  Hours  = 
Total 


Error 


11.91  *  9600 

114,336 

74.16 

87.97 

803 

584 

(74.16)  (803)  +  (87.97)  (584) 
110,924 

114,336  -  110,924 
110,924 

.03 


The  simulated  process  hours  consumption  is  therefore 
three  percent  high.  Whereas  the  three  percent  error  in  the 
consumption  of  process  hours  is  close  and  acceptable,  the 
17.6  percent  error  in  manhours  consumption  is  not  acceptable. 
This  was  especially  true  in  view  of  the  fact  that  process 
hours  were  simulated  correctly.  Consequently,  an  error  was 
presumed  to  exist  in  the  manhours  simulation.  Investigation 
revealed  that  several  repair  operations  occupied  less  than 
one  man  on  the  average  whereas  the  simulation  rounded  to 
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one  in  such  cases.  These  discrepancies  due  to  integer 
values  of  men  actually  accounted  for  15,688  extra  manhours 
over  the  eighty-week  period.  See  Table  9.  The  corrected 
simulated  manhouf5  then  became  107,796  (123,484  -  15,688) 
manhours  for  the  period.  Using  this  corrected  figure  the 
error  then  became: 


Error 


107,796  -  104,983 
104,983 


=  .027 


Therefore,  the  corrected  simulated  manhours  consumption  was 
2.7  percent  high  which  agreed  very  closely  with  the  error 
found  in  process  hours  comparison.  Table  9  shows  the 
detail  of  the  correction  on  manhours  consumption. 

The  main  conclusions  from  the  preceding  discussion 
are  twofold:  first,  the  corrected  simulation  results  appear 
valid;  and  second,  if  future  work  is  done  using  this  model, 
either  the  model  should  be  modified  or  the  correction  factor 
determined  at  Table  9  applied. 


Restatement  of  the  Research  Hypothesis 


A  simulation  model  of  the  MGS  repair  process  can  be 


developed  that  reflects  the  actual  repair  process  at  AGMC. 
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Conclusion 

The  researchers  conclude  that  for  thesis  purposes 
the  model  can  be  considered  valid.  This  conclusion  of 
validity  is  based  on  the  high  number  of  validity  tests 
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that  were  successfully  passed  and  the  confidence  in  the 
underlying  data  base  that  has  been  expressed  by  AGMC  manage' 
ment  (11)  The  researchers  therefore  conclude  that  the 
research  hyi>othesis  has  been  supported. 


CHAPTER  V 


DESIGN  TO  ANSWER  THE  RESEARCH  QUESTIONS 

The  purpose  of  this  chapter  is  to  describe  the 
methods  used  by  the  researchers  to  answer  the  research  ques¬ 
tions.  The  chapter  begins  with  definitions  of  terms  and 
concepts,  establishes  a  basis  for  answering  the  research 
questions,  and  ends  with  a  description  of  the  approach  to 
be  used  for  answering  each  of  the  research  questions. 

Definition  of  Terms  and  Concepts 

The  following  definitions  from  Chapter  I  are 
repeated  to  aid  the  reader.  In  addition,  several  new  terms 
and  concepts  necessary  for  discussing  the  approach  to 
answering  the  research  questions  are  defined. 

Repair  Line.  The  repair  line  is  the  sequence  of 
events  undergone  by  the  MGS,  or  one  of  its  subassemblies 
or  components  as  it  flows  through  its  repair  process. 

Activity.  For  purposes  of  the  simulation  model,  an 
activity  consists  of  either  a  repair  operation  or  a  transfer. 

Repair  Operation.  Repair  operation  refers  to  the 
technical  operation  that  takes  place  at  the  repair  station 
on  the  repair  line. 

Transfer.  Transfer  refers  to  the  movement  of  the 
item  of  interest  between  repair  operations. 
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Transfer  Fraction.  Transfer  fraction  refers  to  the 
fraction  of  time  that  items  subject  to  the  transfer  are  to 
randomly  move  to  a  specified  repair  operation.  For  example. 
Activity  6  which  is  a  transfer  occurs  with  a  mean  rate  of 
.5,  therefore  fifty  percent  of  all  output  from  Activity  5 
will  on  the  average  be  transferred  by  Activity  6  to  Activity 
8.  The  remaining  output  of  Activity  5  "falls  through" 
Activity  6  to  Activity  7. 

Repair  Station.  The  repair  station  is  the  point 
on  the  repair  line  where  the  repair  resources  of  MGS  test/ 
handling  equipment  and  repair  technicians  come  together  to 
perform  a  repair  operation. 

Repair  Resources.  Repair  resources  are  the  test/ 
handling  equipment  and  repair  technicians  that  perform  the 
MGS  repair  operation.  For  purposes  of  the  simulation  model, 
repair  technicians  and  other  men  directly  involved  with  the 
progress  of  the  MGS  from  receipt,  through  repair,  to  dis¬ 
patch,  were  assigned  to  one  of  four  groups.  The  signifi¬ 
cant  test/handling  equipments  were  assigned  to  one  of 
twelve  sets. 

Repair  Capacity.  Repair  capacity  is  the  maximum 
work  load  that  a  repair  resource  can  process. 

Repair  Resource  Utility.  For  purposes  of  this 
research  effort,  utility  refers  to  the  utilization  of  the 
repair  resource  as  a  percentage  of  its  repair  capacity. 

For  example,  a  utility  of  fifty  percent  would  indicate  a 
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repair  resource  was  operating  at  one-half  capacity,  whereas 
a  utility  of  100  percent  would  indicate  the  repair  reisource 
was  working  at  full  capacity. 

Repair  Resource  Contents.  Repair  resource  contents 
is  a  technical  term  taken  from  the  computer  program  output. 
Repair  resource  contents  refers  to  the  amount  of  a  resource 
that  is  required  on  the  average  to  support  a  particular 
repair  operation  after  the  model  has  achieved  steady-state 
operation.  For  excimple,  a  number  of  2.3  in  the  repair 
resource  contents  column  for  Activity  146  would  indicate 
that  on  the  average  2.3  GSP  Test  Stations  are  required  to 
support  the  work  load. 

Queue .  Queue  refers  to  a  waiting  line  that  develops 
when  the  work  load  at  a  repair  station  exceeds  the  repair 
station's  repair  capacity. 

Server .  The  concept  of  a  server  is  one  of  the  more 
difficult  concepts  in  simulation.  Schriber  and  Shannon 
implicitly  define  server  as  a  common  simulation  term  used 
to  represent  a  combination  of  equipment,  people  and  pro¬ 
cesses  which  perform  some  service  for  a  "customer"  (16;  17). 
A  customer  can  be  a  person  or  an  inanimate  object  such  as 
a  MGS.  A  common  example  of  a  server  is  the  combination  of 
counter,  cash  register  and  cashier  in  a  supermarket. 

Another  server  example  is  the  specific  combination  of  repair 
resources  such  as  groups  of  repair  technicians  and/or  sets 
of  test/handling  equipment  located  at  a  repair  station  in 
the  MGS  repair  line. 
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Establishment  of  a  Basis  for  Answering 
the  Research  Questions 

Prior  to  the  actual  design  of  an  approach  for 
answering  the  research  questions,  the  researchers  found  it 
necessary  to  establish  a  relationship  between  MGS  input 
rate  and  repair  resource  contents,  and  to  establish  a  method 
for  setting  repair  resource  capacities  during  later  simula¬ 
tion  runs.  The  establishment  of  a  linear  relationship 
between  the  MGS  input  rate  and  the  average  contents  of  each 
resource  type  was  important  to  the  research  effort  because 
it  permitted 'the  use  of  interpolation;  thereby,  negating 
the  requirement  for  a  simulation  run  at  every  MGS  input  rate 
the  researchers  chose  to  investigate.  Repair  resource 
capacities  were  set  by  selecting  utilization  factors  for 
later  simulation  runs.  Each  of  the  foregoing  subjects  is 
discussed  in  more  depth  in  the  ensuing  sections. 

MGS  Input  Rate  and  Repair  Resource  Contents  Rela¬ 
tionship.  A  first  step  in  establishing  the  relationship 
was  to  find  the  unconstrained  repair  resource  contents.  The 
approach  used  was  to  make  the  initial  simulation  runs  with 
all  repair  resource  capacity  constraints  removed  by  setting 
all  repair  resource  capacities  at  100.  Six  unconstrained 
simulation  runs  were  made  at  the  following  MGS  input 

4.  10 

rates. 

summary  of  all  simulation  runs  and  their  purpose 
is  presented  in  Appendix  D. 


a.  100  percent  level,  15  shifts/week 

b.  133  percent  level,  15  shifts/week 

c.  200  percent  level,  15  shifts/week 

d.  200  percent  level,  18  shifts/week 

e.  200  percent  level,  21  shifts/week 

f.  250  percent  level,  15  shifts/week 

Outputs  of  the  unconstrained  simulation  runs  were 
used  to  develop  the  relationship  between  MGS  input  rate 
and  average  contents  of  each  repair  resource  type.  Details 
of  the  different  resource  types  are  presented  in  Table  10. 
The  relationship  that  was  developed  is  expressed  in  terms  of 
two  ratios,  with  Ratio  1  being  a  function  of  Ratio  2. 

Ratio  1  is  the  ratio  of  the  higher  level  MGS  input  rate  to 
the  normal  average  MGS  input  rate.  The  development  of 
Ratio  1  for  each  of  the  six  unconstrained  simulation  runs 
is  presented  in  Table  11.  Ratio  2  is  the  Expected  Value 
of  the  ratio  of  the  average  repair  resource  contents  at 
the  increased  average  MGS  input  rate  (load)  to  the  average 
repair  resource  contents  at  the  normal  average  MGS  input 
rate  (load) .  The  development  of  Ratio  2  across  each  of  the 
resource  types  for  the  normal  average  work  load  and 
increased  work  loads  is  presented  in  Table  12. 

^^Simulation  runs  were  made  at  18  and  21  shifts  per 
week  to  account  for  the  addition  repair  resource  capacity 
that  would  be  available  to  AGMC  if  they  were  to  go  to  week¬ 
end  work;  i.e.,  six  or  seven  days  a  week  at  three  shifts 
per  day. 


REPAIR  RESOURCES  CROSS  REFERENCE 
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TABLE  11 
RATIO  #1 

HIGHER  LEVEL  INPUT  RATE/NORMAL  INPUT  RATE 


Load 

i 

% 

Level 

Shifts 

Per 

Week 

Input 

Rate 

MGS/ 

Month 

MGS 
Inter- 
Arrival 
Time  (lAT) 

Ratio  #1 

lAT  1 
lAT  i 

1* 

100 

15 

40 

12.0 

1 

2 

133 

15 

53.3 

9.0 

1.333 

3 

200 

21 

80 

8.4 

1.428 

4 

200 

18 

80 

7.2 

1.666 

5 

200 

15 

80 

6.0 

2.000 

6 

250 

15 

100 

4.8 

2.500 

♦Normal  operating  level 
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*E (Increased  Load  Repair  Resource  Contents/Normal  Load  Repair  Resource  Contents) 
of  Simulation  Storages  (groups  of  men  and  sets  of  equipment. 
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The  relationship  between  Ratio  1  and  Ratio  2 
(Ratio  1  =  f  (Ratio  2))  was  tested  using  regression  analysis 
to  determine  if  a  linear  relationship  existed.  The  relation 
ship  was  further  tested  using  the  Student's  "t"  test  and  a 
nearly  perfect  linear  relationship  between  Ratio  1  and 
Ratio  2  was  found  to  exist.  The  linear  regression  computa¬ 
tions  and  findings  are  presented  for  the  reader  in  Table  13. 

The  establishment  of  a  linear  relationship  between 
the  MGS  input  rate  and  the  average  contents  of  each  repair 
resource  type  was  significant  to  the  research  effort.  As 
was  previously  stated,  its  significance  lies  in  the  fact 
that  a  linear  relationship  permits  the  use  of  interpola¬ 
tion,  a  simulation  run  was  therefore  not  required  at  every 
MGS  input  rate  that  the  researchers  chose  to  investigate. 

Utilization  Factor  Selection.  Once  repair  resource 
contents  for  varying  MGS  input  rates  and  a  linear  relation¬ 
ship  between  Ratio  1  and  Ratio  2  had  been  established  using 
unconstrained  simulation  runs,  the  next  step  was  to 
establish  the  extent  to  which  constraints  would  be  applied. 
What  was  needed  was  a  method  by  which  repair  resource  capa¬ 
cities  would  be  set.  The  researchers  found  that  a  frequent 
objective  for  this  type  of  simulation  is  minimization  of 
resource  consumption,  or  utilization  for  a  given  throughput. 
Mellor  in  his  theory  of  job-shop  scheduling  implies  that  the 
achievement  of  equal  utilization  factors  throughout  the 
resource  types  supports  the  minimization  of  resource 
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TABLE  13 


REGRESSION 

TABLE 

Ratio  #1 

Y 

Ratio  #2 

X 

XY 

y2 

1.000 

1.000 

1. 

000 

1.000 

1.000 

1.333 

1.276 

1. 

700 

1.776 

1.628 

1.428 

1.400 

1. 

999 

2.039 

1.960 

1.666 

1.667 

2. 

775 

2.775 

2.775 

2.000 

2.001 

4. 

000 

4.000 

4.000 

2.500 

2.470 

6. 

175 

6.25 

6.101 

9.927 

9.813 

17. 

649 

17.84 

17.464 

N=6 

^  N  Z  XY 

-  ZXZY 

“  2 
NZX 

- 

(ZX)^ 

_  6(17. 

649) 

"  (9. 

813)  (9.927) 

6(17. 

464} 

-  (9. 

813)^ 

b  =  .9989 

a  =  - 

N 

bZX 

_  9.927 

-  ( 

.9989) 

9.813 

a 


02 


TABLE  13 — Continued 


ZY  ^  =  ZY^  -  aZY  -  b  Z  XY 
s 

=  17.84  -  (.02) (9.927)  -  (. 9989) (17 . 649) 
=  .0118 


=  1.415 


04573 
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TABLE  13 — Continued 


a.  Hypothesis  to  be  tested 

Hq:  b  =  E(b)  =1  a/2  =  .025 

b  /  1  N  =  6 

b.  Computations 


.  _  b-E (b) 

V2  - 

^  _  .9989  -  1 

^4  .04573 

=  -.024 

me  =  -2.776  <-.024 
4  if  *025 

Therefore:  Cannot  reject  Hq. 

Therefore:  Accept  hypothesis  that  Ratio  #1  and  Ratio  #2 
are  directly  proportional. 
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constunption  objectives.  Further  application  of  the  theory 
holds  that  equal  utilization  of  each  resource  type  will 
permit  maximum  utilization  of  resources  as  a  whole  (14:284). 
Therefore  the  next  step  was  to  select  utilization  factors 
at  which  the  simulation  model  would  be  run  to  determine 
repair  resource  requirements.  Utilization  factors  of  .6, 

.7,  .8  and  .9  were  chosen. 

In  summary,  a  basis  of  unconstrained  repair  resource 
contents,  linear  relationships  and  utilization  factors  were 
established  before  the  model  was  ready  for  operation  to 
answer  the  research  questions. 

Design  to  Answer  Research  Question 
Number  One 

Research  Question  Number  One 

For  increased  average  MGS  input  rates,  what  addi¬ 
tional  repair  resources  are  required?  Once  the  basis  of 
unconstrained  repair  resource  contents,  linear  relationships 
and  utilization  factors  had  been  established,  the  next  step 
was  to  determine  how  the  model  would  be  used  to  answer  the 
research  question.  The  approach  to  answering  the  research 
question  was  to  make  several  simulation  runs  at  various 
MGS  input  rates  with  resource  capacities  based  on  differing 
repair  resource  utilization  factors.  From  these  simulation 
runs  it  was  possible  to  determine  the  maximum  general 
utilization  factor  (p  _  )  that  could  be  tolerated  by  the 

nickX 

repair  line  being  simulated;  i.e.,  the  maximum  general 


utilization  factor  before  at  least  one  of  the  repair 
resources  was  exhausted  by  the  given  throughput  rate. 
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Once  determined,  the  maximum  general  utilization 

factor  (p  )  and  the  previously  determined  unconstrained 
niaX 

average  contents  for  each  repair  resource  type  for  each  of 

the  MGS  input  rates  were  used  to  determine  the  actual 

repair  resource  requirements  for  each  resource  for  each  of 

the  increased  MGS  input  rates.  Actual  computation  of  repair 

resource  requirements  was  made  using  the  following  equation; 

Minimum  Requirement J  I  Average  Contents 

Resource  i  at  J  =  <  Resource  i  at  MGS 

MGS  Input  Rate  j  j  (  Input  Rate  j _ 

p 

^max 

The  result  of  the  above  equation  was  rounded  to  the  next 
higher  integer. 

The  final  step  in  answering  the  research  question 

was  to  compare  resources  that  are  currently  available  at 

AGMC  with  the  simulated  resource  requirements  at  each  of 
« 

the  increased  MGS  input  rates.  This  step  permitted  calcula¬ 
tion  of  additional  resource  types  required  for  each 
increased  MGS  input  rate. 

Design  to  Answer  Research  Question 
Number  Two 

Research  Question  Number  Two 

For  increased  average  MGS  input  rates,  which  Depot 
Replacement  Unit  (DRU)  decoupling  inventories  have  adequate 
assets?  The  following  are  the  specific  DRU  items  that  were 
investigated : 


-r  -r-v  Vi .  .4,  t* 


1.  Transient  Detector 

2.  P-92 

3.  GSP 

4.  D-37  (Computer) 

5 .  MGSC 

6.  Gyro  (G6B4) 

7 .  PIGA 

8.  GCA 

To  answer  the  research  question  the  following 
approach  was  used. 

1.  The  model  was  designed  to  tabulate  all  replace¬ 
ments  of  the  above  listed  DRU  during  the  simulation.  From 
these  tables,  it  was  then  possible  to  calculate  the  mean 
number  of  replacements  per  two-week  period,  the  respective 
standard  deviation  and  cumulative  probability  distribution. 
With  this  statistical  information  the  maximvim  likely  number 
of  replacements  in  a  given  period  could  be  determined. 

2.  Data  concerning  the  decoupling  inventory  stocks 
for  each  of  the  above-listed  DRU  were  obtained  from  AGMC. 

3.  AGMC  decoupling  inventory  stocks  were  compared 
with  the  simulated  requirements  to  determine  the  number  of 
days  of  supply  provided  by  each  of  the  inventory  stocks. 


Design  to  Answer  Research  Question 
Number  Three 


Research  Question  Number  Three 


For  the  normal  average  MGS  input  rate,  what  effect 


does  a  twenty-five  percent  reduction  in  the  repair  recycling 
rate  have  on  repair  resource  requirements?  The  question 
was  answered  using  the  following  procedure: 
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1.  The  model  was  adjusted  to  reduce  all  recycling 
percentages  by  twenty- five  percent. 

2.  A  simulation  run  was  performed  at  the  normal 
average  MGS  input  rate  to  obtain  the  repair  resource  require 
ments. 

3.  The  resource  requirements  at  twenty-five  percent 
recycling  were  then  compared  with  normal  recycling. 


CHAPTER  VI 


ANSWERING  THE  RESEARCH  QUESTIONS 

This  chapter  presents  the  application  of  the  design 
to  answer  as  it  was  developed  in  Chapter  V  and  the  findings 
on  an  individual  basis  for  each  of  the  three  research  ques¬ 
tions. 


Research  Question  Number  One 
For  Increased  average  MGS  input  rates,  what  addi¬ 
tional  repair  resources  are  required? 

Establishment  of  the  Maximum 
General  Utilization  Factor 

The  first  step  in  the  approach  to  answering  research 

question  number  one  was  the  determination  of  the  maximum 

general  utilization  factor  for  several  differing  MGS  input 

rates.  The  reader  is  referred  to  page  91  for  a  discussion 

concerning  utilization  factor  selection.  Seven  simulation 

runs  with  differing  utilization  factors  (p)  were  made  u., 

12 

increased  MGS  input  rates  of  133  and  200  percent.  The 
simulation  runs  revealed  the  following  results. 

a.  At  the  200  percent  MGS  input  rate,  the  simula¬ 
tion  model  could  not  sustain  a  utilization  factor  of  .8 

12 

In  this  case,  and  as  is  the  case  throughout  the 
thesis,  a  MGS  input  rate  of  100  percent  is  the  normal 
average  input  rate  of  forty  per  month. 
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100 


or  above.  Calculations  accomplished  on  the  basis  of  linear 
relationships  showed  that  because  of  the  relatively  small 
integer  values,  the  resource  requirements  were  the  same  at 
p=.75  as  they  were  at  p=.8;  therefore,  a  utilization  factor 
of  .75  was  also  unacceptable.  A  utilization  factor  of  .7 
was  sustained  during  the  simulation  runs  and  was  therefore 
concluded  to  be  the  maximum  general  utilization  factor  at 
the  200  percent  MGS  input  rate. 

b.  At  the  133  percent  MGS  input  rate,  the  simulation 
model  could  sustain  a  general  utilization  factor  of  .8,  how¬ 
ever,  it  did  so  at  the  cost  of  increased  average  queue 
sizes  and  times  in  queue.  Therefore  a  utilization  factor  of 
.7  was  also  the  appropriate  maximum  general  utilization  fac¬ 
tor  at  133  percent  MGS  input  rate. 

As  a  result  of  utilization  factor  simulation  runs, 

.7  was  used  as  the  maximum  general  utilization  factor  (p  ) 

max 

for  all  subsequent  simulation  runs. 

Calculation  of  Repair  Resource 
Capacity  Requirements 

Application  of  the  linear  relationship  of  MGS  input 
rate  to  average  contents  of  each  resource  type  and  the  maxi¬ 
mum  general  utilization  factor  of  .7,  permitted  calculation 
of  the  repair  resources  required  for  each  of  the  following 
seven  load  situations. 
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MGS  Input  Rate  Shift s/Week 


Ratio  1 


100 

150 

150 

150 

200 

200 

200 


15 

1.00 

15 

1.07 

18 

1.25 

21 

1.43 

15 

1.50 

18 

1.67 

21 

2.00 

Findings 

The  repair  resource  requirements  for  each  of  the 
increased  MGS  input  rates  is  presented  in  detail  in  Table 
15.  For  example,  if  the  item  of  interest  is  GSP  test  sets 
and  the  MGS  input  rate  of  interest  is  200  percent  with 
fifteen  shifts  per  week;  the  reader  should  refer  to  Table 
14  to  determine  the  Simulation  Storage  number  of  GSP  test 
sets,  locate  the  Simulation  Storage  number  in  the  first 
column  of  Table  15,  move  across  the  row  to  the  column 
headed  by  200  percent,  15  s/w,  to  find  that  six  GSP  test 
sets  are  required.  Additionally,  Table  15  is  used  to 
identify  those  repair  resources  that  are  not  adequate  at 
the  increased  input  rates.  All  repair  resource  requirements 
that  exceed  existing  AGMC  repair  resources  are  located  to 
the  right  of  the  heavy  line  drawn  through  the  table. 
Determination  of  additional  repair  resource  requirements  is 
a  simple  manner  of  subtracting  existing  AGMC  repair 
resources  from  the  listed  requirement. 

From  Table  15,  it  can  be  seen  that  the  GSP  Test 
Stations  (Simulated  Storage  #146)  is  the  most  limiting 
repair  resource  and  in  fact  could  sustain  an  increased  load 
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of  seven  percent  (Ratio  1  =  1.07)  or  a  maximum  average  of 
forty-three  MGS  per  month.  The  next  most  critical  repair 
resources  appear  to  be  the  Preparation  Equipment  (Simulated 
Storage  #141)  and  the  Tilt  Fixtures  (Simulated  Storage  #142), 
followed  by  the  number  of  men  per  shift  in  the  GSP  Repair 
Area  (Simulated  Storage  #130-132). 

One  distinctive  finding  is  the  apparent,  very  low 
utilization  of  the  men  in  both  the  MGS  Stage-in  and  Repair 
Area,  and  in  the  test  areas.  Table  16  presents  the  simu¬ 
lated  average  contents  and  utilizations  of  men  on  the  vari¬ 
ous  shifts,  for  the  ciorrent  number  of  men  employed. 

Initially,  these  findings  would  tend  to  indicate  a 
gross  error  in  the  model.  However,  it  also  appears  that  the 
model  is  not  at  fault  because  of  the  following  facts. 

a.  The  model  consvuties  the  correct  niunber  of  man¬ 
hours.  The  reader  is  referred  to  the  manhour  discussion  in 
the  simulation  model  validation  section,  page  75. 

b.  The  model  produces  reasonable  utilization 
figures  for  the  men  in  the  preparation  area  and  the  GSP 
repair  area.  See  Table  16  for  simulated  utilization 
figures. 

The  question  remains:  How  can  the  model  consume 
the  correct  number  of  manhours  and  yet  reveal  such  low 
utilizations  of  men  in  some,  but  not  all,  work  areas?  While 
it  is  possible  that  more  men  are  employed  in  the  MGS 
Stage- in  and  Repair  Area,  and  the  test  areas  than  are 
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needed  to  do  the  job,  the  researchers  suspect  that  some 
other  reason  would  account  for  the  low  utilization  figures. 
One  very  possible  source  of  the  discrepancy  may  be  the 
exclusion  from  the  model  of  the  manhours  and  process  time 
consumed  by  Line  Replaceable  Units  (LRU)  other  than  the 
MGS  and  GSP;  items  such  as  the  P-92,  D-37  and  MGSC.  Unfor¬ 
tunately,  because  of  time  constraints  the  researchers  were 
not  free  to  investigate  this  apparent  discrepancy. 

Research  Question  Number  Two 
For  increased  average  MGS  input  rates,  which  Depot 
Replacement  Unit  (DRU)  decoupling  inventories  have  adequate 
assets? 

Simulated  DRU  Requirements 

DRU  replacement  statistics  were  extracted  from  the 
simulation  outputs  and  are  summarized  in  Table  17.  The 
figures  presented  show  the  average  simulated  stock  require¬ 
ment  for  each  of  the  eight  DRU  as  well  as  standard  devia¬ 
tions.  Tabulated  data  for  two  DRUs,  the  GSP  and  the  PIGA, 
are  graphed  at  Figures  10  and  11  to  provide  a  better  idea 
of  the  demand  distributions  for  the  two  items  at  average 
MGS  input  rates  of  100  and  200  percent,  respectively. 

^^DRU  decoupling  inventory  assets  were  considered 
to  be  adequate  if  there  was  sufficient  stock  on  hand  to 
support  the  MGS  repair  process  for  a  minimum  of  five  days. 


Figure  10.  GSP  Replacement  Rate  (Per  Two  Wee 
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AGMC  DRU  Inventory  Stocks 

Table  18  lists  details  of  a  small  sample  of  stock- 
on-hand  at  the  end  of  each  month  for  a  six-month  period  for 
each  of  the  eight  DRU. 

Findings 

Results  of  the  comparison  between  the  average  AGMC 
stock-on- hand  figures  for  each  DRU  with  the  simulated  demand 
for  increased  MGS  input  rates  are  presented  in  Table  19. 

The  comparison  was  accomplished  in  terms  of  the  average 
days  of  supply  afforded  by  the  average  stock-on-hand  for 
each  DRU.  Inspection  of  the  data  presented  in  Table  19 
shows  that  three  DRU  decoupling  inventory  stocks  (MGSC, 

D-37,  P-92)  can  not  adequately  provide  five  days  of  supply 
at  increased  MGS  input  r<ites.  It  must  be  pointed  out, 
however,  that  "days  of  supply"  are  only  significant  when 
related  to  the  risk  of  resupply  being  delayed.  If  the  delay 
exceeds  the  days  of  supply  on  hand  then  a  stockout  occurs 
and  production  ceases.  The  risk  of  such  a  delay  is  a 
matter  of  interpretation  by  the  respective  manager  who  must 
weigh  the  cost  of  a  stockout  situation  versus  the  cost  of 
maintaining  a  larger  inventory. 

Research  Question  Number  Three 
For  the  normal  average  MGS  input  rate,  what  effect 
does  a  twenty-five  percent  reduction  in  the  repair  recycling 
rate  have  on  repair  resource  requirements? 


Ill 


Reduction  of  Recycling 


Seven  transfer  activities  were  identified  in  the 
MGS  repair  process  to  be  recycling  transfers.  The  transfer 
fractions  for  the  identified  activities  were  then  reduced 
by  twenty-five  percent  as  presented  in  Table  20.  A  simula¬ 
tion  run  at  the  normal  MGS  input  rate  was  then  made  with 
the  reduced  transfer  fractions. 

Findings 

The  researchers  had  expected  any  differences  due 
to  the  reduced  recycling  percentages  to  be  manifested  by 
significant  changes  to  the  average  contents  of  the  repair 
resources.  However,  inspection  of  the  simulation  run  out¬ 
put  indicated  that  the  twenty-five  percent  recycling  reduc¬ 
tion  did  not  cause  a  significant  reduction  in  the  use  of 
repair  resources.  A  representative  sampling  of  repair 
resource  contents  before  and  after  the  reduction  is  pre¬ 
sented  in  Table  21.  The  effects  of  the  reduced  recycle 
percentage  were  so  small  as  to  be  virtually  undetectable 
in  the  model. 

To  test  the  above  observation  of  no  significant 
change,  it  was  hypothesized  that  there  was  no  significant 
difference  at  the  .05  level  in  the  average  contents  of 
resource  types  before,  and  after  the  recycling  percentages 


were  lowered. 


TABLE  20 


REDUCED  RECYCLE  TRANSFER  FRACTIONS 


Activity 

Simulation 

Symbolic 

Ncune 

Normal 

Transfer 

Fraction 

Reduced* 

Transfer 

Fraction 

29 

ACT  29 

.012 

.009 

32 

ACT  32 

.018 

.013 

102 

GSP  52 

.051 

.038 

104 

GSP  54 

.120 

.090 

106 

GSP  56 

.186 

.139 

108 

GSP  58 

.05 

.037 

111 

GSP  61 

.05 

.037 

♦Reduced  by  twenty-five  percent. 
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TABLE  21 

SAMPLE  AVERAGE  CONTENTS  BEFORE  AND  AFTER 
REDUCTION  OF  RECYCLING  PERCENTAGES 


Simulation 

Storage 

Number 

Average 

Contents 

Before 

Change 

Average 

Contents 

After 

Change 

DIFF 

=D 

121 

.81 

.8 

.01 

122 

.39 

.4 

-.01 

124 

1.11 

1.12 

-.01 

125 

1.09 

1.12 

-.03 

126 

.64 

.64 

0 

127 

1.70 

1.75 

-.05 

128 

1.94 

1.88 

.06 

129 

2.14 

2.18 

-.04 

130 

1.83 

1.66 

.17 

131 

1.22 

1.20 

.02 

141 

.60 

.60 

0 

142 

1.85 

1.88 

-.03 

143 

.24 

.24 

-.01 

144 

3.45 

3.46 

-.01 

145 

.68 

.64 

.04 

146 

2.03 

2.06 

-.03 

147 

.88 

.82 

.06 

148 

.97 

.89 

.08 

149 

.21 

.21 

0 

150 

.58 

.53 

.05 

151 

.11 

.10 

-.01 

152 

.31 

.29 

.02 

Mean  =  .0127  =  5. 


Standard  Deviation  =  .04939  =  S^. 
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a.  Hypothesis  to  be  tested 
Hq:  D  =  0 

D  0 

Where  D  =  difference  between  corresponding  samples,  before 
and  after;  N  =  22,  and  a/2  =  .025. 

b.  Sample  data  taken  from  Table 

c.  Computations 


_  .0127 
.01053 

=  1.206 

Therefore;  t  2i  ~  2.08  >  t  =  1.206. 

Therefore:  cannot  reject  Hq  and  conclude  there  is  no  sig¬ 
nificant  difference  between  the  before  and  after  recycling 


percentages. 


CHAPTER  VII 


CONCLUSIONS  AND  RECOMMENDATIONS 

This  chapter  presents  the  conclusions  and  recom¬ 
mendations  derived  from  the  research.  It  is  formatted  to 
discuss  the  research  hypothesis  and  each  of  the  research 
questions  individually,  followed  by  general  conclusions. 

The  chapter  ends  with  recommendations  for  further  research 
and  use  of  the  simulation  model. 

Restatement  of  the  Research  Hypothesis 

A  simulation  model  of  the  MGS  repair  process  can 
be  developed  that  reflects  the  actual  MGS  repair  process 
at  AGMC. 

The  researchers  found  during  verification  and  vali¬ 
dation  of  the  simulation  model  that  the  model: 

a.  operated  as  intended;  and 

b.  passed  all  validity  tests. 

As  a  result,  the  researchers  concluded  that  a  credible 
simulation  model  had  been  developed  that  reflects  the  actual 
MGS  repair  process. 

Restatement  of  Research  Question 
Number  One 

For  increased  average  MGS  input  rates,  what  addi¬ 
tional  repair  resources  are  required? 
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A  maximum  general  utilization  factor  of  .7  for  all 
resource  types  was  found  to  be  sustainable  by  the  model  and 
served  as  a  basis  for  further  simulation  runs.  This  utili¬ 
zation  factor  seems  reasonable  considering  that  the  repair 
process  simulated  resembles  a  job-shop  repair  line  rather 
than  a  manufacturing  assembly  line.  However,  the  utiliza¬ 
tion  factor  finding  does  rest  on  the  assumption  that  equal 
utilization  of  each  resource  type  will  permit  maximum 
utilization  of  resources  as  a  whole  and  will  support  a 
scheduling  objective  of  maximum  throughput.  Mellor,  an 
author  in  the  job-shop  scheduling  field,  gives  implicit 
support  for  the  validity  of  the  equal  utilization  assumption 
(14:284) . 

The  repair  resource  requirements  at  increased  MGS 
input  rates  are  summarized  in  Table  15,  page  103  of  Chapter 
VI.  The  following  conclusions  were  made  from  the  results. 

a.  Existing  AGMC  test/handling  equipment  quanti¬ 
ties  are  adequate  in  most  cases  of  increased  MGS  input 
rate,  but  in  several  instances  more  equipment  would  be 
needed  to  support  an  increased  work  load.  Details  of  test/ 
handling  equipment  requirements  are  presented  in  Table  15, 
page  103. 

b.  Existing  AGMC  numbers  of  men  employed  on  each 
shift  in  each  of  the  respective  work  areas  were  found  to 
be  generally  more  than  adequate  at  the  normal  MGS  input 
rate.  Details  of  manpower  requirements  are  presented  in 
Table  15,  page  103. 


119 


The  researchers  conclude  that  the  determination 
of  addition  test/handling  equipment  requirements,  prepara¬ 
tion  area  manpower  requirements  and  GSP  repair  area  man¬ 
power  requirements  for  increased  MGS  input  rates  can  be 
done  with  accuracy,  while  similar  determinations  for  man¬ 
power  in  the  MGS  repair  area  and  the  test  stations  are 
suspect.  The  reasons  for  suspecting  a  discrepancy  in  the 
MGS  repair  area  and  test  station  manpower  requirements 
along  with  speculations  as  to  the  possible  cause  are  fully 
discussed  in  Chapter  VI,  pages  104  through  106. 

Restatement  of  Research  Question 
Number  Two 

For  increased  average  MGS  input  rates,  which  Depot 
Replacement  Unit  (DRU)  decoupling  inventories  have  adequate 
assets? 

Comparison  of  DRU  simulated  requirements  at  the 
MGS  input  rates  of  100,  150  and  200  percent  with  existing 
DRU  decoupling  inventory  stocks  revealed  that  insufficient 
numbers  of  MGSC,  D-37  and  P-92  were  available  to  support 
a  five-day  stock-on- hand  requirement.  Details  of  the 
simulated  stock  requirements  as  compared  with  the  average 
stock-on-hand  is  presented  in  Table  19,  page  112. 

The  researchers  therefore  conclude  that  the  deter¬ 
mination  of  decoupling  inventory  adequacy  can  be  done  with 
accuracy  using  the  managerially  supported  criteria  of 
"days  of  supply." 


Restatement  of  Research  Question 
Number  Three 
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For  the  normal  average  MGS  input  rate,  what  effect 
does  a  twenty-five  percent  reduction  in  the  repair  recycling 
rate  have  on  repair  resotirce  requirements? 

The  researchers  found  no  significant  change  in  the 
consumption  of  resources  before  and  after  the  reduction 
of  the  recycling  percentages.  The  reader  is  referred  to 
Table  21,  page  115,  for  a  representative  sampling  of 
repair  resource  contents  before  and  after  the  recycling 
percentage  reduction.  While  it  is  possible  to  conclude 
that  the  effect  of  reduced  recycling  percentages  is  very 
small,  the  authors  do  not  intend  to  imply  that  the  recycle 
rate  should  not  be  an  item  of  management  concern. 

General  Conclusions 

The  researchers  conclude  that  the  simulation  model 
with  its  known  deficiencies  provides  a  valid  representation 
of  the  actual  MGS  repair  process  and  can  be  used  with  confi¬ 
dence  to  predict  repair  resource  requirements  at  increased 
MGS  input  rates. 

Recommendations  for  Further  Research  and 
Use  ot  the  Model 


Further  Research 

The  following  areas  are  recommended  as  subjects  for 


further  research: 
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a.  The  apparent  discrepancy  in  manpower  utiliza¬ 
tions  for  the  MGS  repair  area  and  the  test  stations  should 
be  investigated  to  identify  its  cause. 

I 

b.  AGMC  decoupling  inventory  resupply  distribution 
data  should  be  collected  to  permit  a  more  thorough  investi¬ 
gation  of  the  adequacy  of  present  stocks  at  increased  MGS 
input  rates. 

With  respect  to  the  assumptions  underlying  the  model 
the  following  areas  are  recommended  for  further  research: 

a.  Even  though  the  model  gave  good  results,  in 
investigation  of  the  approximations  made  for  service  time 
distributions  and  their  respective  parameters  may  be  worth¬ 
while. 

b.  Even  though  a  general  maximum  utilization  factor 
of  .7  seems  reasonable  for  the  type  of  repair  process  simu¬ 
lated#  an  investigation  of  the  underlying  assumption  that 
the  researchers'  objective  should  be  to  equalize  the  utiliza¬ 
tion  of  all  resource  types  may  prove  valuable. 

Use  of  the  Model 

The  model  could  be  used  with  modification  for  repair 
processes  other  than  the  Minuteman  III  MGS  for  the  determina¬ 
tion  of  repair  resource  requirements  at  times  of  increased 
work  load. 

The  model  should  also  be  used  by  AFIT/SLG  as  a 
training  aid  in  simulation  eind  the  GPSS  V  simulation 


language.  The  simulation  program  with  its  extensive  use 
of  standardization  and  modularization.  Macro  statements 
that  simplify  coding  and  input  of  data,  and  indirect 
referencing,  is  a  simplified  approach  to  computer  Simula 
tion. 


APPENDIX  A 

DESCRIPTION  OF  SIMULATION  MODEL 
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APPENDIX  A 

DESCRIPTION  OF  SIMULATION  MODEL 

Introduction 

What  follows  is  a  description  of  the  GPSS  V  simu¬ 
lation  model  used  as  the  experimental  tool  of  Thesis 
SLSR  4-7 6A,  to  investigate  overload  conditions  on  the 
Minuteman  III  Missile  Guidance  Set  repair  line.  The 
description  starts  wi.th  a  specification  to  which  the  model 
was  built,  explains  how  the  model  was  constructed  to  meet 
the  specification,  and  discusses  use  of  the  model. 

Specification 

The  prime  objective  of  the  model  was  to  represent 
the  Minuteman  III  Missile  Guidance  Set  (MGS)  repair  line 
in  those  areas  pertinent  to  the  study  of  the  effects  of 
increased  input  of  MGS  to  the  repair  line.  Because  of 
limited  time  and  limited  potential  effort  that  could  be 
afforded  the  task,  the  scope  of  the  model  was  restricted 
to  simulation  of  only  the  MGS  and  Gyro  Stabilized  Platform 
(GSP)  repair  lines.  Repair  lines  of  other  Depot  Replace¬ 
able  Units  (DRU)  at  the  same  level  as  the  GSP,  and  of 
Shop  Replaceable  Units  (SRU)  at  the  next  lower  build  level, 
were  presumed  to  pose  no  problem;  i.e.,  it  was  assumed 
that  serviceable  DRUs  and  SRUs  were  always  available  when 
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a  replacement  item  was  needed.  In  other  words,  these 
repair  lines  were  buffered  from  the  principal  MGS  repair 
line  by  decoupling  inventories  that  never  run  out  of 
stocks.  However,  the  same  approach  could  not  be  taken  with 
the  GSP.  Both  the  MGS  and  GSP  repair  lines  had  to  be 
simulated  together  because  of  the  integral  use  of  test  and 
repair  facilities  and  resources. 

Statistics 

To  answer  the  research  questions  of  the  thesis  the 
model  had  to  be  capable  of  generating  the  following  data 
for  the  simulation  test  period. 

1.  Queueing  statistics,  ntimbers  and  times  in 
queue,  for: 

(a)  each  repair  operation, 

(b)  each  resource  identified  as  a  "facility" 
or  "storage"  (GPSS  terms),  and 

(c)  awaiting  parts  queue,  when  specified. 

2.  The  number  of  times  each  repair  operation  was 
performed . 

3.  Details  on  utilization  of  resources. 

4.  Tabulations  of  specified  random  variables. 

5.  "Snapshot"  statistics  at  specified  intervals 
(four  weeks)  to  aid  determination  of  steady  state  and 
troubleshooting . 

6.  Values  of  specified  variables  and  transaction 
parameters  (a  parameter  in  this  context  is  a  value 
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peculiar  to  a  transaction;  i.e.,  the  entity  identified  as 
the  thing  flowing  through  the  model. 

Model  Design 

Overall  Structure  of  GPSS  Model 

One  feature  of  the  model  is  the  modular  construc¬ 
tion  that  pervades  all  areas  of  the  model,  in  the  defini¬ 
tion  part  as  well  as  in  the  main  program.  Organization  of 
the  GPSS  program  (synonymous  with  model)  was  as  follows: 

1.  Reallocate  Cards.  These  are  defining  state¬ 
ments  used  to  reallocate  otherwise  reserved  core  storage 
among  GPSS  entities  as  required. 

2.  Macros.  These  are  sets  of  GPSS  statements  (not 
subroutines)  that  can  be  inserted  into  the  program 
indirectly. 

3.  Functions.  GPSS  has  the  ability  to  accept 
user  defined  functions.  The  first  type  of  function  used 
was  to  generate  exponential  and  normal  deviates  (now  an 
automatic  feature  of  GPSS  V  but  not  in  earlier  versions)  . 

A  second  type  (very  important  to  this  model)  was  the 
routing  function,  which  permits  indirect  routing  of  trans¬ 
fers  within  the  model. 

4.  Tables.  All  statistical  tables  of  interest 
were  listed,  especially  those  required  to  record  the 
replacement  rate  of  DRUs  and  SRUs. 
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5.  Storages.  This  section  specified  the  capacity 
of  identified  resources,  being  men  or  test/handling  equip¬ 
ment. 

6.  Matrices.  Three  data  matrices  were  specified; 

(a)  one  to  store  resource  requirements  data 
for  each  repair  operation; 

(b)  one  to  store  service  time  data  for  each 
repair  question;  and 

(c)  one  to  store  table  numbers  for  operations 

of  interest. 

7.  Variables.  In  GPSS,  variables  perform  the 
same  function  as  arithmetic  or  logical  statements  in  other 
computer  languages,  but  have  to  be  indirectly  referenced. 
Variables  identified  for  this  model  were; 

(a)  Variables  1-4.  These  calculate  storage 
numbers  for  groups  of  men  as  a  function  of  the  shift 
number. 

(b)  Variables  11  and  12.  These  calculate 
storage  numbers  as  a  function  of  the  Equipment  Set  number 
given  in  the  input  data. 

(c)  One  floating  point  variable  to  calculate 
a  normal  deviate. 

8.  Initials.  GPSS  permits  the  input  of  data  via 
initial  statements.  These  may  be  made  directly  with  an 
"initial"  card,  or  indirectly  via  a  macro- statement . 
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9.  Main  Program — Segment  2. 

(a)  Generate  Card.  This  is  normally  the  first 
card  in  the  simulation  deck  and  is  used  to  generate  input 
to  the  model  according  to  any  process,  deterministic  or 
stochastic,  within  the  envelope  of  GPSS. 

(b)  Activity  Type  1.  A  distinct  segment  of 
the  program  has  been  dedicated  to  the  simulation  of  one 
standard  activity  type,  namely,  the  most  common  activity 
type,  of  which  there  are  forty-eight  in  a  total  of  fifty- 
seven  repair  operations.  All  forty-eight  are  simulated  by 
the  one  set  of  GPSS  statements  by  means  of  indirect 
addressing. 

(c)  Segment  2.  Simulation  of  MGS  activities; 
i.e.,  repair  operations  and  transfers. 

(d)  Segment  3.  Simulation  of  GSP  activities. 

(e)  Segment  4 — Generators.  The  following 
generator  subsegments  are  in  Segment  4; 

(1)  One  to  generate  serviceable  PIGA 
flowing  back  into  the  GSP  repair  line. 

(2)  One  to  generate  shift  data  and  to 
lock  "gates”  when  specific  resources  are  not  used  on  some 
shifts. 

(3)  One  to  generate  "snapshot"  statis¬ 
tics  throughout  the  simulation. 

(4)  One  to  time  duration  of  the  simula¬ 
tion,  both  to  steady  state  and  for  a  period  thereafter. 
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Types  of  Activity 

All  repair  operations  in  the  model  have  been 
classified  or  are  of  the  five  following  standard  types: 

1.  Activity  Type  !♦  This  is  the  principal  type 
of  activity  in  the  model  and  is  used  to  simulate  forty- 
eight  of  the  fifty- seven  repair  operations.  However,  by 
means  of  indirect  addressing,  only  one  set  of  GPSS  state¬ 
ments  (lines  3535-3880,  Appendix  B)  have  been  used  to 
simulate  all  fort  ight  operations.  A  Type  1  Activity 
simulates  the  consumption  of  manhours,  and  process  hours 
on  one  set  of  test/handling  equipment. 

2.  Activity  Types  2-5.  All  five  types  of  activity 
are  simulated  in  a  similar  fashion  but  differ  according  to 
some  peculiarity.  All  simulate  the  consumption  of  man¬ 
hours,  but  differ  in  the  combination  of  test/handling 
equipment  sets  used  and  whether  an  awaiting-parts  queue  is 
involved.  Differences  between  Types  2-5,  along  with  the 
respective  progreun  listing  line  numbers  (Figure  1) ,  are 

as  follows: 

(a)  Type  2.  Uses  Equipment  Sets  1  and  2, 
Clines  5550-5620) . 

(b)  Type  3.  Uses  Equipment  Sets  1  or  2, 

(lines  6410-6650). 

(c)  Type  4.  Uses  Equipment  Set  1  and,  2 


or  3  (lines  5700-6790). 
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(d)  Type  5.  Uses  Equipment  Set  1,  and 
simulates  an  awaiting-parts  queue.  This  type  used  only 
for  the  GSP  and  PIGA  remove  and  replace  questions  (lines 
4720-4990) . 

Model  Logic 

As  a  network,  the  model  is  simply  an  interconnection 
of  repair  operations  and  transfers  between  operations 
(together  comprising  activities) .  Within  each  of  the 
standard  activity  types  previously  described,  logical 
features  are  as  follows: 

1.  A  gate  to  open  and  close  Shift  Number  3, 
because  in  some  areas  the  men  work  only  two  shifts. 

2.  Test  of  the  gate  to  see  if  Shift  Number  3  is 
in  progress. 

3.  A  gate  to  prevent  progress  of  a  job  if  insuf¬ 
ficient  resources  remain  to  perform  the  operation  at  hand. 

4 .  Tests  to  see  if  j.  ^placement  data  needs  to  be 
tabulated. 

5.  Transfers  to  applicable  service  times  and  next 
activities  according  to  data  input  to  the  model  initially. 

6.  For  Activity  Type  5  only,  tests  on  stocks  of 
spare  GSPs  (or  PIGAs)  to  permit  replacement,  otherwise 
the  respective  higher  level  assembly  is  removed  from  its 
repair  line  and  put  into  an  awaiting-parts  queue. 
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Model  Performance 

The  model  performs  very  well  and  as  intended.  Refer 
to  Chapter  IV  on  verification  and  validation  of  the  model 
for  a  full  discussion. 

Use  of  the  Model 

As  the  model  now  stands  (see  Appendix  B  for  listing) 
the  model  simulates  the  MGS/GSP  repair  process  for  200 
weeks  at  an  MGS  input  rate  of  forty  per  calendar  month, 
based  on  a  five-day  week.  The  following  changes  may  be 
made  to  parameters  or  configuration  without  affecting  the 
model  logic  or  exceeding  GPSS  limitations  specified  in  the 
model. 

1.  The  MGS  input  rate— by  altering  the  Generate 
statement  at  line  3530,  however,  the  parameter  specifica¬ 
tions  at  the  end  of  the  statement  must  be  retained. 

2.  The  simulation  times  can  be  altered  to  suit  a 
planned  run  (lines  9030-9070) . 

3.  Requirements  for  snapshot  statistics  may  be 
inserted  as  lines  8740-8840  starting  with  a  Generate  state¬ 
ment  and  ending  with  a  Terminate  statement. 

4.  Capacities  of  resources,  men  and  test/handling 
equipment  may  be  changed  by  changing  the  Storage  state¬ 
ments  between  lines  1730-1790. 

5.  Resources  data  may  be  altered  via  the  Macro 
statements  at  lines  2090-2240  and  2500-2780,  however,  the 
first  entry  (next  activity  number)  must  not  be  changed. 
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6.  Service  times  data  may  be  altered  via  the  Macro 
statements  at  lines  2280-2460/  and  2820-3100. 

Modification 

Any  change  other  than  those  just  described  would 
require  a  modification  to  the  model.  The  most  probable 
type  of  change  would  be  to  the  network,  to  insert  or  remove 
activities,  or  to  change  the  transfer  fractions.  The  latter 
may  be  changed  directly  by  changing  the  respective  state¬ 
ment,  however,  the  insertion  or  deletion  of  repair  opera¬ 
tions  will  particularly  effect  the  routing  information 
input  to  the  model  as  Function  ''ROUT2". 

Known  Deficiencies 

The  only  significant,  known  deficiencies  of  the 
model  are  as  follows:  Activities  3,  28,  31  and  34  should 
have  been  simulated  as  Type  2  activities  rather  than 
Type  1.  As  simulated,  the  activities  consume  process 
hours  on  Equipment  Set  No.  4  only,  whereas  both  Sets  4 
and  5  should  have  been  used  together.  The  only  effect  of 
this  deficiency  is  to  indicate  that  fewer  Sets  #5  are 
required  than  is  really  the  case.  The  difficulty  is  easily 
overcome  by  equating  the  need  for  Sets  #5  to  the  need 
simulated  for  Sets  #4  since  they  are  both  used  together. 

General  Comments 

To  conclude,  the  most  distinctive  features  of  the 
model  as  a  GPSS  simulation  are  as  follows: 
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1.  the  modularization  and  standardization  within 
the  model; 

2.  the  extensive  use  of  Macro  statements  to 
simplify  coding;  and 

3.  the  use  of  indirect  referencing  to  reduce  coding 
to  a  minimum,  and  core  required  to  house  the  program. 

A  significant  error  exists  due  to  the  method  used 
to  simulate  integer  quantities  of  men,  especially  where 
quantities  were  rounded  up  to  one.  This  error  was  dis¬ 
cussed  at  length  in  Chapter  IV,  in  which  it  was  stated 
that  the  error  could  be  overcome  by  either  modifying  the 
model,  or  using  the  correction  factor  determined  in  Chapter 
IV.  Satisfactory  results  for  most,  if  not  all,  simulation 
objectives  for  which  the  model  might  be  used  could  be 
obtained  by  using  the  correction  factor. 
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COMPUTER  SIMULATION  PROGRAM 
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SUBROUTINE  HELPl  (IXl, 1X2 , 1X3 ,  Z , IT) 

AX1=IX1 

AX2=IX2 

AX3=IX3 

VAR=0.75*ALOG(  (AX1-AX3)/(AX2-AX3)  ) 

AMU=ALOG  (AX2-AX3 )  +VAR 

T=EXP  (Z*SQRT  (VAR)  +AMU)  +AX3 

IT=T 

RETURN 

END 
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